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Acbowledent. 
GLtAL INThODUCTION. 
It is a general experience that in a normPlIy 
crossbreeding organism, inbreeding if unaccompanied by selection, 
has aeveral effects. Generally fitness decreases and it is 
often implied that phenotypic variability decreaBee also in 
accordance with the expected decline in heterosygosity, but 
there are few precise data on this latter point 0 If two 
inbred lines are crossed the progeny often have better fitness 
than parent lines, If, however, inbreeding is accompanied by 
selection for fitness, it is possible to form highly inbred 
lines wrose fitness is not markedly lower than that of the 
initial population. Mendolian interpretation of inheritance 
provides a reasonable explanation of these effects of inbreeding. 
The initial population is postulated as being 
hetorozygous for many genes, which affect all the characters of 
the organism concerned, Therefore, in a normlly crossbred 
population segregation will occur, resulting in variation 
between the individuals. Inbreeding will result in the 
population becoming homozygous for these heterozygoue genes, 
and therefore segregation will be decrease:, and if inbreeding 
is carried to a sufficient level, segregation will no longer 
occur, This will result in a decrease of variability between 
the individuals of any inbred line. 
If a number of genes, all of which are heterosygous 
in the initial population, collectively determine the level 
of fitnes3, then increase of homozygosity will decrease 
fitness if (a) fitness is greater in heterozygotes than in 
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homozygotes, and if (b) the probability of fixing a suitable 
balance of genes is low • If, however, selection for fitness 
is made during inbreeding, then the increase of hoinozygosity 
which results from inbreeding will be directed towards a 
uttab1e balance of genes, and selection of highly inbred and 
moderately fit lines can be attributed to the achievement of 
a suitable genetic balance etween loci, 	On the basis of 
this genetic theory the retominant effect of inbreeding is 
to decrease the heterozygosity of the initial population and 
increaøe the chances of the recessive genes becoming horaozygoua 
and thua coming to Uht, The idea that inbreeding has a 
deleterious effect, and is due merely to the recessive alleles, 
has been, suggested earlier by Davenport (1908), Bruce (1910) 
and Keeblo and Pellew (1910). 
The present experiments were designed to supply some 
quantitative estimate of the reduction in heterozygoalty in 
relation to level of inbreeding 	Dr, iric Reeve and. Dr. Forbes 
ktobertaon have been studying inheritance of body size of 
Drosophila melanogaster for several years, and the present 
study arose out of their work s The problems were suggested 
by them and carried out under their superviaion. 
The work reported in this thesis falla into three 
parts, which deal with the following problems: 
1 	 The effect of selection for large and small body 
size with intense inbreeding in the Nettlebed 1 atock in order 
to provide a comparison with the experiment on selection with 
mild inbreeding (Robertson and Reeve 1951) and to find out how 
far selection for a character like body size is effective under 
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intense inbreeding, 
The effects of intensive inbreeding on a sel.cted 
strain for long wing in Drosophila melanogaster which 
maintained a high level of heterozygosity by a special mating 
eytem (Robertøon and Reeve 1951) which avoided intense 
inbreeding, 
The rate of decline of heterozygoetty, as measured 
by heritability, in lines inbred at random with different 
intensities, in order to te8t whether the expected relation 
between the total amount of inbreeding and the loss of 
heterozygosity is influenced by the rate of inbreeding. 
In general, inbreeding has been carried out in 
different experimonta to study its effect on the genetic 
variability of various characters, So far very little work 
has been described which provides quantitative estimates of 
the change of genetic variability with different systems of 
inbreeding, 
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ar1y Inbreeding Studies, 
Inbreeding may be defined as the mating of animal s  
which are more do sely related than we ahould anticipate from 
the average relationship in the population, If a population 
is inbred more than slightly, there is a decrease of fitness in 
the population, This had been noted by Darwin, and since several 
moral precepts epecifically forbid close relatives to marry, 
such effects may have been realised very early in man' a history. 
Since the re-discovery of handel' a law many experiments have 
been carried out on the effects of inbreeding. Castle et al, 
(1906), hoenkhaus (1911) and Hyde (1924) inbred populations of 
Drosophila and found that the fertility decroased with inbreeding, 
t they also found that if selection was practised for high 
fertility, then a high degree of inbreeding coulti be reached 
without a corresponding decrease of fertility, A feature of 
inbreeding Drosophila which is of interest is the variable 
effects of inbreeding on fecundity. Castle et a1 (1906) 
reported only slight change, Moenkhaua (1911) found no change, 
Hyde (1924) and Gowen and Johnson (1946) found decreases of egg 
production following inbreeding. 
The earlier work of inbreeding and selection on 
Drosophila was reported by Zelleny and Mattoon (1915), 
MacDowell (1915, 1917), May (1917), Sturtevant (191$), Payne 
(1920) and Zelleny (1922), all of whom obtained response to 
selection for bristle number. 
More recently Sistdis (1942) selected for high 
chaetao number in Drosophila over twenty-three ger* rations by 
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brother-sister matings and the mean chaetae number was raised 
from 4 to 5.2 in the inbred selected line 1 Response was rapid 
in the first generation after hich it stabilieed, i,e,, showed 
that no apparent response for a period, and in later generations 
it became apparent but to a lesser degree, 
Rasmuson (1949) selected for high and low number 
of aternoplaural chaetae and abdomiru1 segment bristles, 
Selection was effective in both directions for ten ge* rations 
of selection with inbreeding, after wtich no further progress 
took place. 
The work of ring (1918a, b, and 1919), studying the 
effecta of inbreeding in rate, has shown that an extrezly 
inbred line can be formed without loss in size or fertility by 
selection 1 A feature of this experiment was that, as 
inbreeding proceeded, the inbred lines become leas variable; 
the same decrease of variability has been noted by Dunn and 
Durham (1925) and Dunn and Charles (1937) who inbred lines of 
mice segregating for spottin4. After twenty-three geiratione 
of brother-siater matings they found that variability of spotting 
was reduced, and that the variability still present was 
nongenetic since selection had no effect. 
The most extensive experiments on the effects of 
inbreeding have been made on guinea-pigs, The U.S. Bureau of 
Animal Industry initiated experiments on brother-sister matings 
in guinea-pigs • Twenty-three lines were started in 1906 and 
no selection was practised, Five of these lines survived and 
Wright at a],,, has made extensive analysis of the results of 
this experiment s Wright (1922a), Wright and Lewis (1921), 
S 
Wright and Eaton (1929) and Eaton (1932) all found that some 
decline of vigour occurred following inbreeding, and fertility 
showed a greater decline than either survival or rate of growth, 
Eaton (1932) reported that pre-natal and post-natal mortality 
increased during the 25 years of inbreeding. 
In this experiment the decrease of variability 
.kiich occurs with inbreeding was studied for the colour pattern 
of the coat, birth weigh, weaning vieight and mature weight, and 
in all cages the variability had decreased and was non-genetic 
(Wright 1922a, MacPhee and Eaton 1931), 	right (1922b) 
reported that 90 per cent, of the variation of size of Utters 
and weight in the inbred lines was due to noi-genetic factors. 
The decrease of genetic variability with inbreeding 
was clearly demonstrated by the results reported by Wright 
(1920, 1934a) and Wright and Chase (1936) from the analysis of 
the total variances of different characters in the inbred lines. 
The classical analysis of the variance of white spottlug in 
guinea-pigs made by Wright (1920) ii well known, He found that 
the correlation between parenr, anc offspring in the non-inbred 
line was 0,20, and was negligible in the inbred far.zily. From 
the correlations between different relatives the total variance 
was separated into that de to heredity, that ue to environment 
common to lit'&er-*atea, and residual variation due to environment 
not common to litter-mat4a, This analysis showed that the 
heritable portion of the variation of white spotting in the non-
inbred controls was 42,2 per cent, and 2,8 per cent, in the 
inbred family maintained by brother-sister matings for more than 
twenty generations, 
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Wright (1934a), studying polydactyly, found that 
inbreeding caused a marked decrease of the heritable variation 
of this character, The correlation between parent and 
offspring and analysis of variance in an inbred line indicates 
that 13,8 per cent, of the total variance was genetic. All 
the genetic variability seems to be exhausted by inbreeding in 
the Chicago strain descended from one pair of this inbred line 
in the twenty-second generation. The correlation between 
parent and offspring in this strain was 0.03 after correcting 
for other factors. Wright and Chase (1936) reported excellent 
results obtained from analysing the total variability of the 
spotted pattern in highly inbred and outbred stocke of guinea-
pigs. They reported that 42 per cent, of the total variance 
in the latter stock was due to heredity, 2 per cent, of which was 
for sex differences. In the highly inbred line the heritable 
variance was 3 per cent,, and this was wholly due to sex 
differences. 
Since poultry are of obvious economic importance 
a great deal of attention has been focussed on the genetics 
of economic traits, Early reports on the effecta of inbreeding 
agree that annual egg production and hatchability are more 
affected by inbreeding than egg weight or body weight, Cole 
and }Lalpin (1922), Hays (1924, 1929 0 1934), Goodale (1927), 
Jull (1929a, b, 1933), Dumon (1930), 1)unkerly (1930), Britiah 
Ministry of Agriculture and Fisheries (1934), Byerly, Knox and 
Jull (1934) and Waters and Lambert (1936) all agree with the 
above statement, Further results of inbreeding poultry have 
ME 
been reported more recently, haters (1941) found a 
significant decrease of egg ieigbt in inbred lines of Yhite 
Legborns and Rhode Island Reds, Shoffner (1948a, b) studied 
lines inbred as much as EL) per cent, and found that inbreeding 
tends to reduce hatchability and annual egg production, but 
has no effect on body weight or egg weight, Shoffner (1948a) 
and Düzgünes (1950) similarly found that a 10 per cent, 
increase of the coefficient of inbreeding was correlated with 
a 4,4 per cent, decrease of hatchability, 
Shoffner (1948a) found that egg production 
decreased by nine eggs for a 10 per cent, increase of 
inbreeding, Vilaon (1948a) found that egg production 
decreased 1.4 per cent, for every 10 per cent, increase of the 
coefficient of inbreeding. An interesting result is • that of 
Stephenson and Nordakog (1950), who stated that inbreeding has 
a greater effect on egg production than selection, Finally, 
Hays and Talmadge (1949) state that egg production and 
viability are decreased by inbreeding, while sexual maturity 
is not affected, 
Theae results all agree that in poultry as in 
laboratory animals inbreeding is correlated with a decrease of 
reproductive fitness. However, again as in laboratory animals, 
Water (1945a, b, c), Knox (1946) and Pease (1948) have shown 
that if during inbreeding selection is made for high fertility 
and hatchability, then inbred lines can be formed at a 
reasonably high level, Pease (1948) in his inbreeding of 
bhite Leghorns by brother—sister matings selected from the 
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highest surviving families and reached a high level, of 
inbreeding without a very marked decrease of productivity. 
One feature of his results is that the inbred lines were more 
variable for a-week egg production than the random-bred lines. 
Many workers have studied the effects of inbreeding 
on the economic traits of pigs. Hughes (1933) stated that 
the inbreeding of Berkshire pigs was not accompanied by 
noticeable decline in aize or vigour, Godbey (1931) reported 
that inbreeding did not affect birth weight of Berkshire pigs 
but affected the final weight, Craft (1927) inbred Duroc 
Jersey pigs by half-brother and sister matings and found a 
decline in birth weight of the inbred stock, Hodgeon (1935) 
inbred Poland China pigs by brother-sister matings for eight 
generations without any marked loss of vigour or change in 
conformazion, Viillham and Craft (1939) reported the results 
of inbreeding experiments using a half-brother and øiater 
system of mating. Their inbred stock was inferior to the 
control stock in all characteristics studied, and regressions 
of weights at different ages on the percentage of inbreeding 
clearly demonstrate the effects of inbreeding on this character, 
Coinstock and Winters (191,4) and Dickerson, Lu.ah and Culbertson 
(1946) state that a 10 per cent, increase of thecoefficient of 
inbreeding is accompanied by a decrease of 0,26 per cent, in 
birth weight, Whatley (1942) reported an average decline of 
0.76 (of a pound) in 180-day live weight for every one per cent, 
increase in inbreeding, while Vinters, Comatock et al, (1947) 
reported that a 10 per cent s increase in inbreeding causes a 
decline of 4,34 and 3,40 (l,bs,) for males and females 
respectively in 180-day live vight, 1)ickeraon et. al, (1946) 
and Blunn and Baker (1949) fod that weaning weignt was 
decreased by inbreeding. 
Pigs have been inbred on a large scale in the U.S.A. 
by the cooperation of the Regional Swine Breeding Laboratory. 
The resuLts so far show that a decline in vigour occurred which 
was more or lesa proportional to the amount of inbreeding. 
Birth weight, weaning weight, growth rate and fertility all show 
decreases with inbreeding, 
WacPheo (1930), MacPhee, Ru.aael and Zelier (1931), 
MacPhee and Hankina (1936), Hetzor, Lambert and Zeller (1940), 
Nordskog, Cometock and Winters (1944), tinters, Coastock et al, 
(1947), Y.inters, Dailey et eJ, (1948) and Hazel and Lush (1948) 
all found a decline for the character or characters under 
observation. 
In cattle Smith ani Robion (1933), Shrode and 
Lush (1947) and Robertson (1949a), reviewing the literature, 
conclude that inbreeding results in adverse changes of all 
characters, Recently RoUini, Mead et p1, (1949), from 
analysis of the data on Jersey cattle of the University of 
California, have found that inbreeding is correlated with 
decreases of height, weight and heart girth. Nelson and Lush 
(1950) have shown that inbreeding results in decreaea of 
itterfat production. 
The results reviewed above all agree that inbreeding 
in general is correlated with adverse changes of most characters, 
particularly those of fitneø, but that if selection is  
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practised during inbreeding, then the degree of these changes 
can be reduced, Therefore it seems reasonable to conclude 
that inbreeding causes changes of the genotype which result in 
a marked decrease of vigou.r unless countered by selection, 
Inbreeding will generally result in a decrease of the 
neterozygosity below that found in the original population, 
and an explanation of the effects of inbreeding can be 
formulated in terms of this cause. The majority of biometric 
characters have been shown to be incapable of simple genetic 
analysis, and it has been concluded that they are controlled 
by the segregation of a Large number of genes all of which 
have small individuni effects 	*ather (1949) has introduced 
the modification that the genes which control a biometric 
character are associated in polygenic units. 
In the above reports (Wright's 1922c) formula for 
calculating the coefficient of inbreeding has been .dde1y 
used by the workers mentioned above for calculating the 
amount of inbreeding in their stock. This coefficient of 
inbreeding measures the increase of homozygosity and the 
reduction of the genetic heterogeneity in the foundation stock, 
Aost of the results previously mentioned have shown that 
decrease of variability accompanies inbreeding. In some 
special cases the application of this formula aroused some 
criticism against its use, For instance, the effect of 
artificial or natural selection may favour the more 
beterozygous animals as the parents of the next generation, 
and this may bias the validity of right' s formula. Philip, 
itendel, Spurway and }Laldane (1944) who, after fifteen 
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generations of brother—sister matings of Drosophila, still 
found the inbred strain heterozygou.s for three inversione 
origirtI1y present in the initial stock. In the case of 
b11-Rnced lethals the percentage of heterozygosis present in 
the inbred lines will be the sue as in the original population 
in spite of the high coefficient of inbreedin. Results 
reported by Gowen, Stadler and Johnson (1946) on Drosophila 
support this atatement. Linkage may affect the degree of 
homozygosity and may vitiate the coefficient of inbreeding, 
but lialdane (1936) showed that linkage has little effect in 
this respect. New mutations arising during the course of 
inbreeding may oppose the trend towards homozygosity and the 
calculated coefficient of inbreeding will therefore over-
estimate the actual value. 
One effect of inbreeding which has not been included 
in the above review is the occurrence of hybrid vigour 
(heterosis) in the progeny of the crosses of two inbred lineø. 
The hybrids have a greater vigour than either parent line, and 
often a greater vigour than that of a normally crosebred line • 
Castle et al, (1906), Hyde (1924) and Gowen and Johnson (1946) 
all report that crosses between two inbred lines of Drosophila 
show a marked increase of fertility beyond that of their parent 
stock s Gowen, Stadler and JOhnB..0 (1946) conclude from their 
results that, "The cause of hybrid vigour hoe in differences 
in genie interaction between alleles and their reaction products", 
Livesay (1930) found from outeroasing the inbred lines established 
by 1ing (1918) that heterosis occurred. In aiice Laton (1941a) 
found that the results of crossing inbred lines were 
variable; in some crosses the hybrid showed a favourable 
increase of fitheøa whereas in othern the hybrida were le&e 
fit than either inbred line. These results agree with those 
he found from crosses of inbred lines of guinea-pigs 
(Eaton 1941b), Wright (1922b) found from crossing inbred 
lines of guinea-pigs that the young from such crosses made 
better gains and ehoed lower mortalities than the inbred 
line a, 
In poultry, crosses between inbred lines or 
breeds show a remarkable increase in egg production and 
hatchability, and a lower mortality than that of the inbred 
lines, Ju.U. (1929a, 1930 9 1933), Dumon (1930), %arren 
(1930, 1941), Hays (1929, 1934), Byerly, Knox and Ju.0 (1934, 
and Knox (1946) all agree with this phenomenon, Maw (1942) 
found from crosses of inbred lines in poultry that top- 
crossing, i,e,, inbred male with random-bred female, gives better 
results than crosses between inbred lines. Dudley and Pease 
(1948) do not agree, finding that top-crossing has no 
advantage over an out-crossed flock, Asaundson (1942) 
crossed different inbred varieties of turkeys and found 
heterosis, but this was more marked in some crosses than in 
others. 
In pigs, crosses between inbred lines, or two 
breed9, have shown heteroais for diffezent cnraoters and 
decreasing mortality, This statement is substantiated by the 
reaults reported by %intera, Jordan and Kiser (1934), Hodgeon 
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and Clark (1935), Roberts and Carroll (1939), Lush, Shearer 
and Culberteon (1939, 1941), Carroll and Roberts (1942), 
Winters, Kiser et 11 (1943), Winters, Jordan et al. (1944), 
Robison (1944), Dickerson, Lush and Culberteon (1946), and 
Hazel and Lush (1948). In cattle inbreeding has rarely been 
carried out for long enough to allow ?igorous tests of the 
occurrence of heterosis, but it does seem to occur, e.g., 
Smith and Robison (1933), Shrode and Lush (1947) and 
Robertson (1949b)1 In addition there is an extensive 
literature on the occurrence of heterosia in plants, where the 
economic advantages of Nhybrid corn have emphasised the 
exploitation of beterosis. 
Qowen, Stadler tircI Johnson (1946) stater. tiatz 
"There are three major hypotheses to account for the vigour 
of race crosses. One hypothesis assumes an, as yet, 
unexplained physiological stimulation resulting from the 
union of gametes of unlike origin. Another hypothesis 
attributes racial vigour to the union of gametes carrying 
different favourable dominant genes for vigour hich by their 
dominance cover up defects which may exist in the original 
parental races 1 The last hypotheais also depends on genic 
action, assuming that the vigour of the hybrid comes from the 
association of unlike alleles brought in from the two parental 
races 1 These unlike alleles are postulated as contributing 
different as well as like chemical or physical stimulation 
favourable to the vigour of the hybrid" • They further 
stated from a consideration of the comparison between lines 
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made homozygous by continued inbreeding and lines made 
homozygous in a few generations, using special marked inversion 
stock of Drosophila that, "as the experimental results contradict 
this expectation, physiologic stimulation through cytoplasmic 
influence would seem to be ruled out. Therefore argument must 
be between the second and third hypotheses". 
In the third experiment described in this theai 
crosses have been made between lines which although inbred to 
the same degree, were inbred at different rates. For the 
analysis, both of the primary effects of inbreeding and of 
heterosis, the assumption is made that following a certain 
system of inbreeding, there will occur a calculable rate of 
decrease of the initial heterozygosity, 
Gowen, Stadler and Johnson (1946) disagree with 
the validity of this assumption, stating that; "There are 
postulates in the mathematical model covering the genetic 
consequences of different systems of breeding which the 
functioning biological organism does not always fulfil. As 
such, other tests than the postulated consequences of mating 
systems are necessary before strict purity of races may be 
assumed even under the cloaeat forms of inbreeding" • One 
such test can be found from the heritability method s The 
heritability of a character measures the proportion of the 
total variation of the character which is due to gene 
segregation, Lerner (1950) has shown the utility of the 
heritability method in estimating the expected effects of 
selection on characters of different heritabilitjes. 
Therefore, if a population is inbred, and this inbreeding 
reults in a decrease of heterozygosity, the heritability 
should decroase with an increase of the degree of inbreeding, 
irigbt has shown in guinea—pigs that the heritability doee 
decrease v1tii inbreeding and that after long inbreeding the 
heritability is alaoat zero, and no further segregationa occur, 
in the present study coparisons have been made 
of changes of heritability in different lines which were inbred 
at different rates 	It can be seen from the above survey 
that although such work has been done on the effects of 
inbreeding, nothing has been reported on the comparison of 
different rates of inbreeding and on the variation of 
heritabilities during different systems of mating 1 The 




The 5 took of Drosophila Wanosg ter used as the 
basis of all the experiments detailed In this Thesis is 
"Jettlebed' stock used by Robertson and Reeve (1951). 
(b) Messig,ement at body sizet 
Reeve and Robertson (1949) have given details of 
an instr.nt (Figure i) whioh when attached to the moving 
stage of an ordinary miorosoope allows measurnt of wing 
and thorax length of liv. Drosophi]. The measurements made 
with an ocular micrometer wa-e transformed into mil1i-tres, 
Wing and thorax length are adopted in this study of 
quantitative inheritance since they are closely correlated 
to body size as measured by weight. Thorax length was 
measured from the tip of the soutellum to the daterior edge 
of the thorax (Figure 2a). The length of the fourth 
longitudinal vein was taken as the length of wing. This vein 
was measured from the extreme angle of the second basal cell 
of the middle vein, to the and of the vein between the first 
and second posterior cells (Figure 2b). 
(e) 2oUecti on of eggs I 
Zgp were always collected froa single pair matings 
except in the control stock. Such pairs were allowed first 
to feed in usia containing half an inch of an agar medii 








Fiiure 	. 	 IL. rLricL 	:oz 	 GQ/ 	LiLo:, 	Ii., t: 
attached to the moving stage of an oriiinary z.tcrocope. The 
blac.c d1ot in the aiddle of the p1atforn showe the position of 
the etherized f1y. A s B and C are levers for movement of the 









give the flies an excess of food, live yeast was spread over 
the surface of the media. After emerging the flies were kept 
in such vials for 2-3 days for feeding and natin, then changed 
over to clean empty viala from which the eggs were collected, 
kiobertson and Reeve (1951) have described a method for collecting 
eggs, which has been used in this study. 
A cork carrying a round disc of fresh agar, 0,5 cm, 
in depth, was fixed in the mouth of the vial, %hen agar is in 
solution and just before pouring, an alcohol-acetic mixture 
(2 parts ethyl alcohol to 1 part acetic acid) is measured in the 
proportion of 3 ml. of the mixture to 100 ml, of agar solution 
(8 cc, agar and 100 cc, water); then the solution is poured 
into clean vials which have a smaller diameter than that of 
the oviposition vials, After cooling, the agar was cut into 
0,5 cm• disca and these were fitted to a cork by wrapping a 
piece of absorbent paper round the sides of both of them, A 
øriall mass of yeast mixed into a paste with water was placed 
An the middle of the agar discs; this exceeds the feeding 
requirements of a pair of flies for the 24 hours which they 
remain in the vial. These corks were then fitted to the mouth 
of the oviposition vials, each of which contained a pair of 
flies (male and female) and a piece of absorbent paper to 
absorb the moisture. The vials were then stood upside down in 
a tray and moved to a hot room in which the temperature was 
maintained at 250 ± 0,5 ° C. After 24 hourB the eggs laid on 
the agar disce were counted under a binocular microcope, 
Robertson and Sang (1944a) and Sang (1950) have emphasised that 
.21.. 
excess of food and standardised conditions are essential in 
uwensnts of fecundity, 
The control stock, maintained as a mess mating 
population was always kept with the experimental pairs, and 
given the same treatment. They were kept for feeding and 
mating in half-pint bottles contain4 n.g the same food for the 
same period as the experimental flies. Eggs were oolleatid 
by transferring the flies to empty half-pint bottles to the 
mouth of which a watch glass of apr had been attached with 
tfu'ee pieces of plaztioine. These bottles were then turned 
over and kept at oonetant temperature for the same period as 
the experimental fli... Each day new apr discs and watch glass.. 
.re affixed in order to keep the file, in clean condition.. 
The half-pint bottle method was first used by Alpatov (19,2) 
and modifld by Robertson and Sang (1944*). 
(d) Control of the environmental variation: 
In studies involving quantitative characters of 
Ikosophila fluctuation of snyironsental conditions can cause 
marked changes of these character., and thai-stars it is 
necessary to ke.p external conditions as uniform as possible and 
thus minus, the effects of enviroxaental variation, 
Eigenbrodt (1930), Zsrapkin (1932) and Stanley (1935) have 
shown that temperature changes affect the body sia. of 
Dro3ophU1. Deloourt and Giyenot (1911) aM A.lpatov (1932) 
have shown that fecundity is maximal at a temperature of 
approximately 25 C. Pearl and Parker (1922) and Pearl (1932) 
stated that orc,wding affects productivity and fecundity. 
mpa 
Robertson and Sang (1944a) have found significant differences 
of fecundity between media in which different strains of yeast 
were u5ed, &ang (1950) has extensively reviewed the literature 
dealing with factors affecting fecundity and fertility in 
Drosopbi],a, ioberteon and Reeve (1951) found that even after 
taking precautions to minimise environmental variation, signif-
icant differences of body size in Drosophila sometimes occurred 
between viala of flies reared under the same conditiona ' 
In the present study, whenever cultures were set up 
for measurements of body size in Drosophila, not more than 70 
eggs per via), were cu1tured 	As a further precaution against 
environmental variation the vials which contained eggs were 
put in an incubator in which the temperature was maintained at 
0 
250 + - 0,5 C. In all the experiments virgin females were 
separateu on the first day, after the emerging of the adults, 
and every five hours thereafter, Measurements of body size 
were made always on the second and third day of adult 1if, 
and then matings were set up in vials for feeding and mating 
for three days, after which, always on the sixth day, the pairs 
were transferred to oviposition vials for egg collection. 
Records for egg production, number of adults hatched, and body 




Selection for !ing La gth with Brother-Siater Matinga, 
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Design of Experiments 
la Selection with intensive inbreeding: 
This experiment was maintained by Bib matings and 
consisted of 
Crosses to provide data for estimates of the heritability 
of body size in the original "Nettlebed' stock, 
Two lines aelected for increased body size, 
Two lines selected for decreased body size, 
Two lines which were also sib-mated, but in which no 
selection was practised, 
(a) Heritability experiments 
Five vials of eggs were collected from the mass-
mated origin1- atook, and after emergence females were separated 
from males. Twenty pairs of thea were measured from each 
vial, and from these three matings were set up assortative]y 
(largest 4 x largest 9, medium 4 x medium 9, and wi11est 4 x 
5Rllest 9). 
Therefore fifteen matings were set up following the 
usual procedure. These pairs were kept for feeding and mating 
for three days, after which they were tran.aferred to oviposition 
vials, Eggs were counted from the sixth day of emergence for 
seven successive days and cultures were set up from the eggs 
laid on the first five days. Ten pairs of adult flies from 
tour of these cultures were measured for body aize, on each of 
four days. 
This design allows estimation of the heritability 
of body aize with reasonable accuracy. 
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(b) Inbrseding with ssleation. 
As in the herit&bility experint two vials of sggs 
wars collected from the initial stock, and twuty pairs of 
virgin females and males were measured from each vial. From 
each twiity pairs, four selected pair matings were set up 
(largest d x largest , second largest dz s.00nd largest 9p etc.). 
These matings were fed for three days, thn transferred to 
oviposition vials for egg counts and oolleoted. Eggs wwo  
counted and collected for four days, always csmsncing from 
the sixth day after emergence. Oult urea were not up for these 
eggs, and twenty pairs of adults were measured on two days, 
from which four selected matings of sibe were not up. Only 
the largest x largest mating was used for selection of the 
next generation. The other matings were not as safety matings 
for use if the first mating did not breed. 
As before, these matings were fed for three days and 
thn on the sixth day transferred to oviposition vials for 
egg counting and collection. 
This system was continued for six gensrations. In 
the seventh generation, matings were set 'w to give progeny 
tests from which estimates of heritability could be derived; 
only one line was used for setting up this progeny teat. Eight 
pair matings were used (4 large z large and 4. sU x small) 
and egg counts and collections were made as before. Pram each 
of these matings five females (no male measurements) were 
measured on each of tour days. After the progeny test, the 
lines were maintained by mass matings (30 pairs in each bottle) 
for another five generations. In the eleventh generation eggs 
were collected and cultured in four vials on tour successive 
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daya, Five pairs were aeaetwed from each of these viali on 
two days. In the following figure the design of the a.]. ction 
xp.rie.nte is ehown for the convenience of ref erence 
'Nettlebed 6tock' 
• 2 vials of eggs were collected 
A 
) pairs of adults uwasured 
.4 selected eatings set up 
feeding vials for three days 
Transferred to oviposition vials on the 
6th day, where eggs counted and collected 
for four daye 	
4 
10 pairs of adults were seaured on each of 
two days. 
Selectin and sib eatings 
for five generation. 
In the seventh generation of selection eight 
assortative pairs eated, 
After feeding and egg collection five 
fgr Ales eeasured on each of four daya 
Mama eating till eleventh generation, 
Eggs collected in four vials for 4 
day.; 5 pairs were eeasured from each 
of the four vials on two days, 
Selection for smell body size followed exactly the 
saae design except that selection was for decrease in wing 
length, 
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(c) Inbreeding without øolectionz 
In this line two vials of eggs were collected 
from the initial stock and twenty pairs were measured from 
each vial. From every twenty pairs four matings were set up 
at random and from then on until the airth generation ten pairs 
were measured on each of two days. In every generation, four 
aib matings were used, eggs collected and cultured as before, 
Unlike the selected lines mass matings were not used after the 
•ixtb generation, These two lines were maintained by sib 
matings until the eleventh generation, no measurements of 
adults being taken between the sixth and eleventh gene rations, 
In the eleventh generation four matings were set 
up at random in each line. Twenty pairs of adults were 
measured from the progeny of one of these matings on two days. 
These different lines were all fed, cultured • ,,, 
etc, together wider the same environment. At the on time 
a control stock was isinteined by sass mating with these 
linea 	In every generation four viala were used for 
culturing eggs from the control stock and five pairs of adults 
were measured from every vial on the same days as the 
experimental flies. 
Ana1yis of the resultas 
A nwiber of parameters are involved in the various 
analysis of the data detailed below. These ares 
(a) Phenotypic parameters 
Variance 
Correlations 
(b) Genetic parameters 
Heritability of wing length and thorax length 
Genetic corret4 	een wi,c. 	 ii 
1. Heritability, 
In the last decade emphasis has ahifted in studies 
of quantitative inheritance from attempts to measure the 
genes involved, to the formulation of methods of analysing the 
total variation into that which is heritable, and that which 
is non-heritable, i,.,, caused by environmental fluctuations. 
This change has been due mainly to the theoretical 
analysis of the implication of Kendelian inheritance developed 
by Fisher (1918) and, Wright (1921a; 1935), Lush and his 
colleagues followed the fundamental work of Viright in their 
øtudy of 'beritabilities' of characters which can be 
attrited to additive gene effects in do*estio anizal, 
Wright (1935) divided the total variance of a given 
character into the following components, 
the portion of the total variation which is due to 
additive gene effects, 
2D = the variance due to dominance deviation, 
= the variance due to epistatic deviation, 
AH = portion of the variance which is due to non-linear 
interaction of heredity and environment, 
= variance due to environmental variations. 
The total variance of the phenotype can be expressed by the 
simple formulas 
2_ 2 	2 
Op_ aG' 0E 
The portion of the total variation which is due to differences 
in heredity is thus L,G/ 02P. Lush (1949) has defined 
heritability in the narrow sense as the ratio of the additive 
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genetic variance to the total variance of the character in 
the population coucerned 
2 ______ 
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Te most important portion of the genetic variance is that due 
to additive gene effects since, under ordinary breeding systems, 
non-additive effects do not contribute to the permanent changes 
in a population. When selection is practised on the basis of 
phenotypic performance, a gene having a primary effect in an 
epietatic combination may be favourable in some cases and 
unfavourable in others, On the average its frequency may be 
expected to remain constant in the population, 
Heritability in the narrow sense can be attributed 
to additive gene effects; these are of great interest to the 
1-ml breeder, 
Hence the previous formula can be written in the 
simple form of 
h2 - 
- 
From Fig, 3 the heritability (h2) of a character II will be 
found to be equal to the square of the path coefficient from 
the genotype of I (G,) to its phenotype (P),  In other words, 
it is the degree to which the phenotype of a character can be 
determined by its genotype, 
--S 
DIAGRAM ILLUSTRATING PHENOTYPIC CORRELATION BETWEEN TWO TRAITS 





Jig • 3. 
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In the saae figure the phenotype of trait W (P,,) is 
determined by the additive gene effects of its genotype (Ge) and 
by the environmental, effects (!,), assuming that the interactict 
of environment with genotype is negligible. A s1Rv relation 
can be seen for the phenotype of trait T. The phenotypic 
correlation between the characters I and T (Rp,pT) can be 
written as the sum of the path coefficients which connect them, 
RPWPT = 1 ,QTi+ewRwETeT 
where path coefficients foa G and K to P are represented as 
Ii and e respectively. 
In the present study heritability is used in the 
narrow sense, since dominance, epistatic and genotype-. 
environment interaction deviations require apecialised 
techniques and experiments designed for their analysis, 
Lush (190, 1949) has described several methods for 
the estimation of kieritabilities, three of which are used in 
the present study, 
Methods used for estimating heritabilityz 
I,, Changes caused by selection: 
By applying this method heritability can be estimated 
as a ratio of the advance per generation to the selection 
differential 1 
Lush (1947) has defined the selection differential 
as 'the difference between the average of those leoted as 
parents, and the average of the whole popi1atton in which they 
were 
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Here the selection differential in taken as the 
difference between the parents' mean size and the mean size of 
the flies of the same via], from which the parents were se]m cted 
The advance per generation is estimated as the linear regression 
coefficient of mean deviation of selected flies from the mean 
aize of controls reared under the same environmental 
conditions as the experimental flies 
This method can be more simply expressed if we let 
A be the amount by which the selected parents exceed the average 
of their generation and B the genetic fraction that had been 
transmitted to their offspring in the next gezration. Since 
heritability is defined as the portion of the total variation 
due to heredity, it can be expressed as the ratio 	This 
method has been used by Robertson and Reeve (1951)  in their 
selection experiment for body size in Drosophila, 
II. Regression of offspring on inia-parents 
The previous method can be made more accurate if 
selection lines in opposite directions are carried out. This 
method was applied in this thesis by carrying Linsa aeb oted in 
opposite directions for long and short wing length for two 
matings in each direction. 
Estimation of heritability is based on the regression 
of the mean size of the offspring on the mean size of their 
parents, 
".3,-. 
111. Intra.sire correlations: 
Lush (1940) has developed the method which is now 
widely used in estimating the heritability of 000ic 
oharactera in livestock. This method was used here in 
eat zmatir,g the heritability of egg production amos we oaxmot 
onpare the phenotypio value of males for this character. 
Aaoox4ing to Lush, the regression of daughters on 
dais gives the most dependable estimate of heritability in data 
where the male oannot express the character himself. To obtain 
the heritability value by applying this method the regression 
coefficient should be doubled. 
2. Genetic correlation: 
Definition: 
The linear relationships between a set of variables 
may be aescribed by variamos and oovariamoes; similarly the 
relAtionship between genie (a&Lttive genetic) causes of varia.'. 
tion and covariation in diff•rent oharactera n.y be described by 
genetic variamoes and oovartamoea. A genetic correlation is 
thus a description of the relationship between the additive 
deviation, caused by genes in two characters. In other words 
genetic correlation between two traits can be defined as a ratio 
of the genetic covarianoe between than to the product of their 





where G. and GT are the genie values of individuals for traits 
W and T respectively. 
An animal 'a phenotype for a particular character 
may be due to the am of the following effects. 
I • Average effects of genoa which act additively. 
2. Effects of enviroriaent, dcminanoe and epistasia. 
If two characters, such as wing length and thorax 
length in Drosophila, are correlated with each other, this 
correlation my be due to: 
I • Wholly enviromental effects. 
Genes which effect both traits, ILLs. having pleiotropie 
effects. 
The combination effect of genotype and envfronoent. 
The genetic correlation can be utilised more accurately as a 
basis for selection of the two desirable traits than the pheno. 
typic correlation between thim, since envirormient, dominano 
and epistasis greatly affect the latter correlation. 
Mftod: 
I. Rwtdcn mating: 
Hazel (1943) decribed the basis of athoda of 
calculating the genetic correlation between two characters in 
the case of rrn mating. 
The method of estimation involved measuring the 
correlation between one trait in one individual and another 
trait in a related individual. In each set of data the cross 
products would be calculated between aid-parent and off aprirg 
and between offspring and mid-parent for all characters. The 
genetic correlation between two characters is thus calculated 





bW0Tp = regression of offspring for trait (w) on aid. 
parent for trait (T) 
bToWis a regression of offspring for trait (T) on aid. 
parent for trait (w) 
- heritabi1i1y estlaates for trait (w) 
bT0T - heritabi1ity eStimatee for trait (T). 
II. Aseortative matirt 
In the case of assortative matings, Revs (in the 
press) has investigated a formula for calculating the genetic 
correlation between two traits in a mating of this lype. The 
formula is given below* 
o.w- 	 bT0W 
aTF J bT,T x OWF 
where 
- ratio of average standard deviation of character 
uT 
	
	(w) to character (T) of the population from  
where the parents were selected* 
bT0W 	regression of offspring for trait (T) on mid.pe.rent for 
trait (iv) 
bT0T and bW0W a heritability estimates for characters 
(T) and (w) respective]y. 
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Results: 
I, Results of pxoerw test on the wase3eo2d stock. 
UeritabjJity of wir and thorax length: 
The heritability of bo4y size in the initial popula-. 
tion was estimated by using the method of the regression of 
offspring size on aid..parsnt size. Aesortative mating was 
used and the results were corrected fbr the magnified parents 
variance, applying an equation 'sorked out bj Reeve (in the 
press). Teat of significance and standard errors of regressions 
were calculated by Fisher's (F) method. The results have been 
tabulated below, 
Heritability estinates of boAy size in the initial population. 









The (F) values in the above table show that both 
the regre&ions differ sigitifioantly fras zero. These estimates 
of heritability for wing and thorax length clearly donstrats 
the presence of .btuit genetic variability in both the 
characters in the initial stock. 
Genetic oox'relation between wing and thorax length: 
After correcting for the agnIf ted variance between 
the parents due to the aasortative mating, the genetic oorrela-
tion was found to equal 0.65. 
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U. Qhaes in X&M and thorax leith. 
a. Acgets. of selections 
The .ffects of selection in the experimental lines 
are mea.sued as percentage deviation from a control stock 
maintained IV mass mating usul  the ae environsental conditions. 
A. both sexes show almost the same general trend, their per.. 
centage deviations have been averaged. The behaviour of each 
line for wing length Is presented in ft8. 10.. The results of 
generation five have been onitt.d because of tuperature 
fluctuations. 
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These results clearly donstrate that selection 
has been effective in a plus and minus direction. The 
divergenc, between high and low lines increases steadily from 
the first to the third generation of selection, after which 
all lines tend to stabilise. In the first two generations 
selection sews to be more effective in the low lines, which 
show a decline in the wing length which is pester than the 
corresponding increase in the high linea. In the third 
generation, line,& shows greater response to a election than any 
of the other lines, but after this it stabilisee. This 
sudden response may be due to gene recombmnation. Line Ag 
which lik, line! selected for long wing, does not show az 
sudden response, and died out in the fifth generation. 
Line 0 and P. selected for short wing behave in an 
almost identical aar*er for the first four generations, after 
which line D shows a greater response. 
The unseloated inbred lines I and Y show little 
or no change in average size with progressive inbreeding. Line 
F. declines over the first six generations by about 1% in wing 
length, and at the 11th generation does not differ significantly 
from control. Line , flustuates about the control level, 
showing no constant depressing effect of inbreeding. Hence 
it may be concluded that the decline in size in the =&U 
lines cannot be attributed merely to inbreeding, but depends 
chiefly on selection. 
After the 6th generation, when the selected limos 
were maintained by sass sating, I &IP without selection, for 
five generations, line j selected for long wing, and line 
-39- 
selected for short wing, rain approT4*teLy constant. Line 
Q, selected for short wing, htor, rises to the control level. 
Since thorax length is genetically correlated 
with wing length it is of interest to see the effect of selection 
for wing length on thorax length. The results, xhowing 
percentage deviation from control for both characters, are 
presented in Table 2. The increase of thorax length in line. 
A and B shows a striking reeenblanoe to that of their wing length. 
In lines C and D, however, the thorax does net behave in the 
se way as the wing. The thorax length in line D fluctuates 
abov, and below the oontrol level up to the fourth generation of 
selection. In the sixth generation it decreases sz1denly, 
showing a depression of 1.6 per cent.. The behaviour of line 
2 is rather peculiar. In this une wing length decreases 
during the six gener*tious of selection, while over this period 
thorax length increases above the control level. 
After Mass mating thorax length behaves siiilarly 
to wing length in lines B and Do while thorax length in ]J.n. 
£ increases further. 
Phenotypic variances of wing and thorax length are 
calculated as coefficients of variation in order to minimise the 
effect of '4'ge of mean size on variance. It is fowid that 
males and feaales have nearly the same coefficient of variation, 
although the differences between their mean also is 15 per cent. 
Coefficients of variation for wing and thorax length are shown 
in figs. 5 and 6 respectively. (The values represent the 
average between the two sexes). 
T1F4LE 2. 




3. 2 3 4 6 11 
(mass mating) 
Wing 	Thorax Win Thorx Icing Thorax Wing Thorax Wing Thorax Wing Thorax 
Long wing A +0.24 +0.70 +0.53 +1.16 +1.40 +019 +0.69 +0.96 - - - - 
Long wing B +0.19 +1.02 +093 +181 +2.91 +2.28 +277 +3.62 +2.99 +2.01 +380 +279 
Short wing C -0 •84 +0.50 -156 +0.70 -1.32 +0.30 -1.03 +142 -1.29 +0.58 -0.01 +3.36 
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Pies fig. 5 it is clear that inbreeding has decreased 
variability of wing length in .11 lines. Lines A and B are, 
huver, more variable than line. 2 and 2 and the average of 
the randca inbred lines jj and P is nearly intermediate between 
the high and low lines. Variability of thorax length, fig. 69 
ahoy, in general the se trend as wing length.; 
In subsequent generations of mass sating there is 
practically mo change in the Vari&b3.ity of the lines b and . 
Lines: 
The heritability of wing and thorax length, which ca 
be attributed to the aMitivo gene effscte, can be aeaaiwed in 
the .eleoted lines as a ratio of the advance per generation to 
the selection differential. In spite of the high esipling 
error in this method it In of interest to compare the herita-
bility estimates based on the average of all four lines with the 
ooefficients of ithreeding (fig. 7). 
It appears that average heritability did not 
decline antil after the first twe generations of inbreeding. 
The sudden drop at generation 3 a' be due partly to environ'. 
mental factors having different effects on the controls and the 
selected lines, and thus 	bing any response to selection in 
the latter lines. At the higher levels of ithreedirzg the 
average heritability is lower, and in fact does not differ 
significantly from zero. 
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Response to seleoticn for wing length in lines A# 
and D is aoocmpanied ' a change in thorax length in the now 
direction (Table 2). This is to be expected frm the high 
genetic correlation between thes in the unselected stock. Line 
9 shows a different response to selection, itw wing length 
decreasing while thorax length increases. As this is a case 
of response to selection it is of interest to find out the 
heritability estinatea of thorax length (Table 3), In general, 
linesA and B show a similar behavioa' in the heritability of 
thorax length as in the case of wing length, while lines £ aM 
fl show different results. 
TABLE 3. 
Heritability of thorax length in selected lifle8 • 
I 	Selection Advance per 
Qener- difrerential iene"atiQn h2  % 
Malea Femaleø Male a Females ation Series (sexes avaed 
1 A 1,28 2,00 0,57 3,81 42,51 
B 3,]1 2,14 0,65 1,38 42,69 
C -5,52 -2,28 032 3,69 -18.02 
D 	1 -4,21 -2,11 0,32 0,20 - 8,53 
2 A 	2,83 3,08 0,50 0,36 14,67 
B 2,43 2,43 1.11 034 29,83 
C 	-5.03 -1.62 3,34 0,00 -3,38 
D -2,27 -1,62 -0,15 -0,48 18,11 
3 A 	2,07 1.52 -1,75 0,01 -41.94 
B 2,35 2,63 -0,18 1,24 19.74 
C 	-2,76 -2,62 -0.78 0,08 12.60 
D -1.79 -0,55 -0,69 0,24 - 2,54 
4 A 	3,56 2,11 1,60 0.26 16,31 
B 2,59 2,92 1,90 0,51 45,41 
C 	-1.78 -1.62 1.39 o.x 6u .65 
D -1,78 -1,62 0,82 0,20 -29,20 
6 B 	1.38 235 -1,04 -0,45 -47,25 
C -2.07 -2,21 -0,50 -0,28 18,41 
D 	-2,24 -1.69 1 -0,90 -0.88 46•12 
TABLE. 
lieritability of %ing u.nd thorax length in lines B and D in the $eventh 
generation of selection after correction for the absence of aale 
iDeasurenients. 
Line heritabiLity 
Wing length Thorax length Ying length Thorax length Wing length Thorax length 
Long wing B 0,024 ± 0,10 0.09 ± 0.14 6 6 0,06 0,53 
Short wing D 0,140 ± 0,15 0,07 ± 0.33 6 6 1,21 0,23 
.43- 
In the 7th generation of .e]eotion, the method of 
regression of offspring on mid.parent as an estimate of herita-
bility in lines and D was used as being a more accurate 
method. Sinos heritability estimates in this generation are 
based on female prageqy only, a oorreotion has been ande for 
the .beenue of male measurements. fleritability eat laate. 
were corrected by the use of an equation derived by Reeve (in 
the press) and reproduced here. 	 Mean varianoca 
I_of both parents 
Corrected heritability - bp9 On p x 	S.D. of fenale's 
proge 
share bp on z regression of female otf.p*ing on aid.parent 
size. 
S.D. - average stundard deviation of female proge. 
The results after allowance for the corrections are presented 
in Table 49 
The heritability estimates for both wing and thorax 
length decline during inbreeding and selection to values shich 
are not significantly diffarent from zero at the higher levels 
of inbreeding. This .ests that irreeding and selection 
has akbausted the genetic variability of both the characters. 
Land D at M coefficient of inbreodin. 
The genetic correlation between wing and thorax 
length in the initial population was found to be 65.0 per cent. 
Although this genetic correlation is calculated as 40 and 19 per cent. 
in lines B and R respectively at a 73 level of inbreeding 
(fig. 8), they are probably net significant* These two values 
are it vezy ..00tuato because of the high snpling error duo 
to the small ni*bei' Of r.gressions Used in each progwW tout. 
GENETIC CORRELATION BETWEEN WING AND THORAX LENGTH FOR THE 
INITIAL POPULATION AND THE SEVENTH SELECTED GENERATION 
70 - 














Referring again to Table 2 0 wing and thorax lgth 
bthave similarly in lines As Jj and P, but in line wing length 
decreases while thcrax length increases. 
This was an unexpected result, as both aharacters 
are closely related to body size and would be expected to change 
in the ae direction. It is possible that in line 0 we have 
selected genes reducing wing length but increasing thorax length, 
but this result could also be due to linkage of genes having 
the two effects. 
V. If ffICt of Ubre2QM operoeAtMe 	erez 
The results of the percentage energenoe in the 
inbred lines and the control stodc are presented in fig. 9a, 
b and o. It is clearly shown from these figures that the 
percentage emergenees in the selected lines are more affected 
in the earlier generations of inbreeding than the raiom-bred 
lines. With later generations of inbreeding p percentage 
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GEHRATION NUMIER 
rgi returned to the control level in line , selected 
for long wing, wh4e lines 2 and P selected for short wing 
ahow less peroentags esergence than the oontrol. The effects 
of inbreeding in the unselected lines in decreasing this 
character appears with later generations of brother...ister 
matings. The sudden rise in percentage energenoe in the fourth 
generation of all selected lines and a aaultsneous fall in the 
control stock mq posab1y be attriated to some specific 
environsental factors. 
After the period of ws mating in the selected 
lines, lines B and renai almost stable in the percentage 
emergence, while line 2 rises to the control level. 
Relating the effects of inbreeding on body size 
and percentage emergence (fig. 10) to the coefficients of 
inbreeding, it seems that selection for wing length In followed 
tw an edverse effsct on percentage emergence. Lines 2 end 
are more affected bW inbreeding and selection in percentage 
ergenoe than lines A and . 
After mass mating, wing length, thorax length and 
percentage emergence r&in relatively constant in lines 
and D. In line C. however, wing length and percentage 
emerg.noe rise to the control level, while its thorax length 
rises still further. 
It may be concluded that selection is more 
inportant in affecting the characters studied than is random 
breeding, because of the following reasons: 
Less change occurred in the random-bred lines than in the 
selected lines. 
After mass mating line C returned to the control level with 
regard to all the characters. 
RELATION OF WING LENGTH. THORAX LENGTH AND FERTILITY TO COEFFICIENT OF INBREEDING 
LONG WING LINES 
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The foundation stock probably carried a great 
deal of gene tic variability, since the heritability of wing 
and thorax length was found to be about 30 per cent. Of 
course the estiaste of heritability gives no information on 
the maber of loot which are heteroqgoui, since only few 
genes of loot could lead to a high bert bility if the effects 
of the alleles are considerable. 
In the experiment described above response to 
selection for long and short wing was greatest in the first 
three generations, after which all lines renamed relatively 
constant. In the third generation lines A and B selected for 
long wing showed an increase over the control level of 1.2  and 
2.9 per oents respectively, and in the sane generation lines 
and P. showed & decrease of 1.32 and 1.67 per cent, respectively. 
The general experience obtained from earlier results of seleo-
tion and inbreeding (Zelle*y and Mattoon (1915)1 Zeller (1920) 
and M (1917) ) is that response to selection soon declines or 
stops after a few generations of brother-sister matings, 
although Pyns (1920)  and Rsanuaon (194.9) reported that selection 
is effective b'oM the earlier generations of inbreeding. 
The random iir.d lines showed littie difference 
from the oontrol, or perhaps a alight decline. Therefore it 
api. ars that selection has aoctinulated genes for large and 
.iall sise in lines , and C.0 respectively. 
These results provide a contrast with those 
reported by Robertson and aeeve (1951), iho used much lees 
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intens, inbreeding and similar selection for large and mull 
wing length on the se "Tettlebed" stock. They obtained a 
considerable response to selection, extending over mazy 
generations particularly in the strains selected for short 
wing length. After forty generations of selection the long 
wing line had inoreased by 6 per cento in wing and thorax 
length, iilo the short wing line had doreaeed 24 per cent. 
in wing length and 13 per cent, in thorax length, after which 
a selection limit was eventually reached. Although the sene 
stock, but different intensities of inbreeding, are used for 
selecting the same charadters, selection shows various 
responses. It appeals, therefore, that the interzsi' of 
inbreeding has a great off eat on the response to seleatione  
In the initial population there azisted an estimated 
genetic correlation of 65 per cent, between wing and thorax 
length. One aq infer from this that a change in wing length 
brought about by selection should be generally followed by a 
less than proportionate charg* in thorax length in the sam 
direotion. This was foimid to be the case in the two selected 
lines for long wing, and probably also in cme of the lines 
selected for short wing. But there is an oxuoption in line 
sSl•cted for short vingj here wing length decreased and thorax 
length increased, a fact which mq be due to linkøge of genes 
affecting the two dimensions, or to the pleio*opio effects of 
genes 'iioh increase thorax length and decrease wing length. 
It was not, unfortunately, possible to distinguish between 
these two bypothesee. 
After maaa mating for five grationa 1)04 siss 
in lines A and £ did not cbang, suggesting that five 
generations of brother-sister matings had fixed the difference 
between the two line.. Line 2 did ixt show the as stability, 
suggesting that this line had resisted the trend towards 
fixation. The reason for the behaviour of lineR is unknown, 
but it is probable that response to selection for mall size 
depended on selection of heterogotea at one or two loci, and 
that the fixation was prevented by low viability or the 
lethality of one of the allele.. 
In gral it is assed that hçoygoaity increases 
with inbreeding and decreases variability. The evidence 
presented in this study iiidioates clearly that inbreeding is 
accompanied by decreased pheno typic variability of body size 
due probably to the decrease in genetic variability within 
lines. Plus selected lines are found to be more variable 
than a1i'*s selected lines. This difference in variability 
between high and law lines, even those, and J& which remain 
stable after mass mating, suggests that genetic variability is 
still found in the large line, but it may involve ncn-additivs 
gene effects such as dinanoe of genes favouring long wing 
length so that )-oygotss and heteroygotes are equally 
selected, or some sort of interaction. 
The decline of variability in the selected lines 
agree with those reported by ZoUeny (1920) and Raemuson (194-9), 
who inbred Drosophila through brother-sister matings, selecting 
for high and law different characters. The rAndorl inbred 
lines show a decreased variability agreeing with most genetic 
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ezper1enta such as those reported by Vright (1922a) and 
Eaton (1932) on guinea pigj%and Robertson and Reeve (1951) 
on Prosophl.IL6 
' oomparing the average eatiaatea of heritability 
at different levels of ithree ding it appears that there is 
little oh*nge in the additive genetic variance during the first 
two generations of ithzeeding, 	up to approximately ZO per 
cent. of inbreedingo But in later generations of inbreeding 
heritability declines greatly. 
As the result of increasing homovygosity, effects 
of inbreeding on percentage mergence are usually but net 
invariably deleterious. In the present experiment the two 
rMi inbred lines showed little drop in percentage amiezge.oe 
below the control in the earlier generations of inbreeding but 
showed a marked decrease in the later generations. These 
results disagree with what was reported by Hyde (1924)g who 
stated that the greatest reduction in fertility in Drosophila 
is during the first three generations of inbreeding after 
which an equilibrium is established. All the selected lines 
showed a marked deoreass in percentage emergonoe during 
selection, falling in each case below the level of the z io 
inbred lines. Wigan and Mather (1942) have shown that selection 
for high and low abdominal or sternopleural oheetas niEber in 
Droaoihila usually resulting in a aaxted decline in productivity, 
even in inbred lines. 
The fact that the random inbred lines show little 
decline in early generations while the selected lines decline, 
suggests that the genes responsible for difference in .me also 
affect adversely peroentags onergamoo or they nay be l{âed 
to such genes, but if .o the linkage *uat be quite high. The 
results of percentage emergence after nasa mating in the aeteot* 
ad lines may support the )ypothesis of linkage between the two  
groups of genes. B4 size and the percentage esorgenoe 
renain almost oonatant after mass mating in lines and Dp 
while in line Z huw.ver, percentage energenas returned to the 
control level 'when selection was relaxed, as did wing length. 
The tendency for heritability to show little change 
in the early generations of inbreeding and the -i'tenenee of 
considerable variability in line Z and the .vidanos that ga 
oonoez'ned with sias may have offsots on the percentage 
enorgenos, ssst the possibility that artificial selection 
may be opposed AW natural selection, possibly dee to high 
viability or fertility of hetero,ygotee. It Is possible 
that this might be more evident with a less intense aysten 
of inbreeding. So next series of experiments were designed 
to test this bypotheais. 
Response to aelection for wing length may be 
obtained in a plus and minus direction while full sib mating 
is practised. Selection in more iffective in both directions 
for the first three generations, after which a limit of selection 
is reached. 
Although wing length SDI thorax lth are highly 
genetically oorrelated, the selection for wing length in a 
minus direction does not necessarily entail a decrease in 
t}rax length. 
Thee typic variability has declines by inbreeding 
and the high lines are more variLlble than low lines. 
40 	 Heritability estimates of wing length decline 
slightly at the lower coefficients of inbreeding, then fall 
to values not significantly different from zero at the higher 
levels of inbreeding. 
59 	The .ff.t of inbreeding on percentage emergence 
is not invariably adverse in the first generations, but it 
appears to have more effect in later generations of inbreeding. 
The adverse effects appear greatest where selection is prac-




Effect of intense inbreeding in long 
wing selected strain, 
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peç of the SERSELaMts 
The present ezperiment was designed to study the 
effects of intense inbreeding on & ONettlebedO selected strain 
of Drosophila gfigMMtere The stock was created by selection 
for long wing length and its behaviour has been described by 
Robertson and Reeve (1951). This stock maintained a high 
level of bet eroygosity and there is strung evidence that this 
is directly due to aelection for large size. Sinoe the original 
selection of this strain was carried out with a special mating 
lysten which aveid.d intenee inbreeding, it is of great interest 
to see whether this heterozygoaity can be still maintained with 
the muft more intense inbreeding of brotheri.sister matings. 
The stock when tiIcon over, had reached the 68th 
generation at selection for long wing, and from this generation 
eight lines were started, each maintained by sib mating. Pour 
lines were maintained without selection, and no measurenents 
taken during the first tlwe. generation.. Selection for long 
wing was practised in the other four lines, and in each line 
several pair matinge were set up, 	. largest male x largest 
tamale, second largest male x second largest tamale, and so on. 
Generally the line was continued from the mating between the 
largest flies, and the other matings thus served as reserves 
when the mating between the largest flies failed to produce 
sfioient flies for measurament. Fr' each of all matings, 
eggs were cultured separately for four successive days. For 
each line ten pairs of flies were measured from the first mating 
on each of the first two days. A control stock was maintained 
by RAA$ mating, eggs being cultured in four vials on the same 
-56- 
four days and seasurments being taken on five pairs of flies from 
each vial on the first two days. 
This procedure was repeated every generation for 
all the lines up to the 9th generation after which the sel.oted 
lines were maintained by mass mating without selection, to the 
15th generation. No aeaatweaenta were nade during the period 
of masn mating in aiV of the lines, but the percentage sisergence 
was reoord.d every generation. At the 15th generation, twsutr 
pairs of fli.s were measured from each of the eight lines over 
a period of two days. 
After the 7th gneration, reciprocal crosses wars 
mede between the first and saond, the third and fourth inbred 
lines within each series. Crosses were swU in pairs, four matings 
in each amass, and eggs were oolleoted for two days. Five 
fenales were measured from each cross on each day. 
Results: 
The four selected lines show a similar pattern of 
behaviour and their results have been averaged as line . 
The behaviour of three of the t*laeleotsd line, is 
.441 ar and 
their result, have been averaged as line l. The fourth 
mselected line, being different in its behaviour, is given 
separately as line 2& Reaulta of the control stock are given 
as lire 2. 
The following results obtained from this experiment 
will be discussed z- 
Body size 	wing and thorax length). 
Phenotypio variation of wing length. 
krcentage energenos. 
Heterosis of body size. 
1. 	osizs: 
The effects of inbreeding on body size (i.e. wing 
and thorax length) for all the lines are given in Fig. 11 A 
and C as deviation fm controls for wing and thorax length 
respectively. There is considerable variation from one 
generation to another in both the dimensions. This variation 
may be due to some envfroreental factors which affect the 
control stock and the inbred lines differently. A similar 
interaction has been noted before in this 
thesis. 
The selected line,§ ranains in general constant 
in size throughout inbreeding and selection. The usselected 
line A. shows a marked decline in wing length and a slight 
reduction in thorax length. Line D, although maintained in the 
sane way as line , shows a less rapid decline in body size 
mitil the 7th generation of inbreeding, after whh it d.olines 
steadily. After six generations of mass mating in the selected 
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the 15th generation of sib mating, line D shows a level inter-
mediate between the sizes of the control and lines A and 
Fig. 11 B and I) pz&.ent the result, in different 
tons as differences between the selected lines and the random 
inbred lines up to the 9th generation, on the aseption that 
the seleot*I lines have remained constant in size. These two 
figures indicate that line R declines in size for about five 
generations and then zne relatively constant, while line 
remains significantly larger than line A  imtil the 8th generation, 
after which it declines to the sems size. 
2. Phefl)tYPiC variation of wing lezthz 
Since selection was practised on wing length only, 
its phenotypic variation will be discussed 
Variability of wing length is measured as coefficient 
of variation, and results are presented in Fig. 11 X and P. 
There is a fluctuation in both control and inbred lines (Pig. E), 
indicating that enviroi.ntal factors have caused major change s 
in phenotypio variance from generation to generation. These 
effects can be eliminated by presenting the results in another 
form (Fig. F), nemel.y as percentage of controls. 
It can be seen from the latter figure that the 
varianc, of the selected lizi 	declines for about five genera.. 
tions and then stabilizes at about 80 per cent, of the controls. 
The phenotypic variance of the waeleoted linejj dolines 
steadily up to the 7th generation, and then becomes constant 
t about 55 per cent, of the controls. Line D shows a higher 
variance than line & nearer the variance of the selected line. 
In the 15th generation, after the period of amas 
mating in the selected lines, line 3 has a coefficient of 
.1 
variation at 1.90 for wing length uhile that at the control. is 
1.709 In this generation lines R and 1) have a lower variso-
bility than the controls, 1.20 and 09 respectively. 
IA - I VTt K 
Results secured fftm this stu are presented in 
Pig. 12, uhers line 3 is the average of all the selected ha.., 
line R is the average of all the unselected lines, and lIne 2 
shows the percentage esergence at the control.. A mild 
selection for this character has been practised, amos In each 
genration three vials were cultured for each line every day, 
and preference was given to the vial in each line showing 
sufficient aab.r for measwwnt.. 
This figure .ls that there are apparently 
enviromental trends uhich make it difficult to decide exactly 
that has been w'hievsd b7 the different treatoents. It Is 
evident that all the Ithred lines are les, viable then the 
oontrls and the unselected lines show a hijer percentage 
ensrgenoe than the selected lines during the period of .ib. 
mating, At the 9th generation, ldm the mass mating was 
started In the selected lines, there are .light differencen 
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Aftez the 7th generation of sib matia linew within 
each seriea were creased in pairs and fetal.s only were 
asaai.d. MW ineasring of feeales only does not greatly 
reduce the possible information as the average deviation of the 
two sei from controls has been alnost id.ntion,] througheut 
the exper1.nt. 
The ditfereoea between the crosses and the 
parental lines reared wider the same enviroraental conditions 
are given below for wing and thorax length, 
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ZAM 5, 
lieterosia in crosses between inbred lines within each series. 
Peasles wits of 
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These results ahow that the crosses in all the 
series are higher than the parental average. The only sig-
nificant differenøs is found in the selected lines for wing 
length (j.. 3.3 units), which is 21 per cent, of the average 
deviation of the selected lines from controls. 
The results of the above experiaent threw some 
light on the genetic constitution of the original selected 
strain. These results and the history of the strain will be 
disoused in full detail later by Reeve and Robertson. 
With intense inbreeding the body size and variance 
of the unselected. lines declines sharply; this is to be 
sxpectd in view of relaxed selection on the assiption of 
maintainsd heteroaygosity in the original strain. Body size 
of the selected lines r_iped fairly constant during intense 
inbreeding, with an average of 15.2 nita above the oontrols, 
as ooapared to the urig{i1 stock with contins.d mild inbreeding 
which remained 15.0 units above controls from the 50th to 75th 
generation. After the 9th generation, when selection was 
relaxed, the selected lines showed a declin, in body size. 
This indicates that ga affecting body size have net been 
fixed in the selected lines in spite of the intense inbreeding. 
The deoline in variability in the selected lines, 
up to the 9th generation is unexpected since body size remains 
at a high level. It may be postulated that selection with 
intense inbreeding has built up a balanced lethal qystem 
containing most of the genetic varianc, for size cazri.d in 
the selected lines. Gowen, Stadler and Johnson (1946) state 
1t appears more likely that in inbreeding there is a strong 
tendency for let lals to bale one another thea forming a 
store of ever growing variability". The original selected 
stock was examined for lethals by Robertson and Reeve (1951), 
who found some lethala on the third obranosome. It seems 
reasonabi., therefore, to postulate a system of balanced lethalm 
to explain the decrease of ph.ncitypio variability in the 
selected lines. The baviour of the ucs.lected lines 
suggests that thay may have lost the balanced lethal iys tam 
maintaining heterogo.ity az4 in doing so, beoomo hiwqgous 
for gensa responsible for bo.b- size. The different bahaviour 
of line P. may be due to a slower elimination of the balanced 
lethal aye tam. The decrease of body size of this line in 
later generations may be due either to autat ion reducing size, 
or to a rare crossing-over between two genes for increased 
size which had been linked in coupling from an early stage in 
the history of the strain. 
The data oolleoted on the percentage mergence in 
the selected lines do not completely agree with the )ypothesie 
of balanced lethal syatam. It is expected that, under this 
yeteaa, the percentage energence in the selected lines would 
be half that in the rthom inbred lines, but the actual di!-
fereno. between the two series is much less. It may be that 
inbreeding has reduced the relative viability in the rr'om 
inbred lines by creating greater bomoygosity in the chromosome 
pair oarrying the lethals. 
The coefficient of variation for wing length in 
the selected lines in the 15th generation is slightly higher 
than the variation of the controls. This may be du, to the 
destruction of the balanced lethal ayaten& by mass mating, and 
the consequent release of variability. Considering generations 
- 9 wham the selected lines retained an approximately constant 
variance, the deviation of wing length from control and 
coefficient of variation are presented below. 
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TABLE 6. 
Mean and variability of wing length in the selected lines, 
generations 5 9 (sexes avereiged). 
Wing length is expressed in units of 	im. as deviation 
from controls, 	 100 
Line N.. I 2 	3
( 
an devi 
tion 16.6 16.1 	15 	19 
C.V. 1*42 1.25 	1.55 	1.33 J 
The standard error of the mean deviation of each 
line is about 0.4, so that there is no significant difference 
in wing length bstween lines 1 and 2 9 3 and 4 8 but the two 
pairs of lines are significantly different. 
Crosses between the selected lines after the 7th 
generation consisted of reciooal crosses between lines I and 20 and 
3 and 4.. In each case there was no significant size difference 
between the reciprocal oroasesj the mean size of each pair of 
crosses exceeded the mean mine of the parental line by almost 
exactly the aime oat, nenely 3.3 unit.. It is highly 
probable, therofore, that the heteroais shown by each cross 
is due to the sime genetic iffect. The high degree of heterosi* 
in the selected lines may be accounted for in either of two 
we1ys z- 
(a) Although apparently the selected lines resained stable in 
size, it is possibl, that thess lines have decreased 
slightly in size relative to the initial selected stoch, 
had the latter been maintained under similar environ-
mental conditions. Crossing of two seleated lines 
may thus give an exaggerated picture of heterosi., 
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.&Lt. the size has retu'nod to vbat it would hay, been 
wIer mild inbreeding and selection. 
(b) It is also possible that heterosis may be dne to over. 
dcminan.oe at a single loc*, where heteroygote. are 
3,3 wiits greater in wing length than either )wotes. 
The heterosis is not significantly great in the wselected 
lines, suggesting that either the ae gene has been fx.4 in 
each, or that overminanoe is leae marked in the absenoe of 
certain other genes which may have been eliminated in the 
imseleo ted line., probably the lethale. 
These results support the suggestion at Gowii, 
Stadler and Johnson (1944) that there is a good chance of 
setting up balanced lethal 4ystee with intense inbreeding in 
rosophila. and hence, before we can ass *a. that highly inbred 
lines are haunozygous, a test for the presence of lethals is 
neoeasaxy. If such lethal& thow great encugh overdinance 
for fertility or viability when heteroygotes, such balanced 
30 thai syaten my exist when lines are inbred without artificial 
selection, 
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Selection with intense inbreeding on a previously 
.eleot.d strain of mildly inbred *'osopbila IelazK&teZ  main-
tained a high level of heterogoaity, failed to ineaae or 
decrease bo4 sise, while the coefficient of variation deo1in. 
steAdily for some generations and then remained stable, The 
tmseleoted inbred lines from the sans stock declined both in 
its, and van.' bUity. 
The results suggest that intense inbreeding ore t.d 
a balaneed lethal system in the selected lines, but the ixiulaot-
ed lines appeared to lose this system, 
30 	The percentage emergenee is lower in the selected 
lines than in the unselected lines. After six generations of 
sass mating, there is no difference between the two eeries, 
In crosse, made between lines within each series, 
after the 7th generation of sibi.mating the selected lines display 
greater hateroais than the unselected line.. 
XPEFLIMENT III 




The general effect of inbreeding is to increase 
homozygosity and the extent to which this happens depends on 
the closeness of relationship between the parents used in 
successive generations. Wright (1921b) has applied the path 
coefficient method to estimate the rate at which heterozygosity 
in reduced in different intensities of inbreeding and it is 
possible to calculate bow many generations must elapse before 
the same degree of homozygosity is attained with different 
mating systems. Thus with brother-sister, half-brother and 
sister and double first cousin matings, ninety per cent, of 
the origir1il1y heterozygous loci will be tiomozygous after the 
7th, 12th and 18th generations respectively, This method has 
been widely applied in &nil breeding studies, especially to 
correct estimates of heritability deri,ved from a more or less 
inbred population, and to give a better estimate of the 
expected heritability in a non-inbred population. 
The validity of these forecasts depends on: 
1 0 Equal chance of survival of homosygotee and heterozygotee; 
if the latter are favoured by natural selection, then the 
actual increase in homozygosity will be less than expscted, 
The general unimportance of mutations which increase 
variability during inbreeding, 
The fact that adjustment of heritability estimates based 
on inbred population assumes that the genetic variation 
responsible for the observed heritability is purely 
additive in nature, 
I 
Theee assumptions have never been subjected to a 
rigorous test, although some general evidence is available, 
Wright (1920, 1934a) analysed the total variance of white 
spotting and polydactyly respectively in guinea pigs inbred by 
brother-sister matings for more than twenty gene rations, He 
found that the genetic variability of both the characters is 
almost el1-i-nted in the highly inbred lines, MacArthur 
(1944, 1949) reported changes in heritability in lines of mice 
selected over twenty-one gen.rations, with an average rate of 
decrease of 1-3 per cent, per generation. Although heritability 
was initially 25 per cent,, it declined to it) per cent, in later 
generations. It is not possible to determine how far se3ection 
and inbreeding was responsible for this change. 
The present experiment was designed to provide some 
information on how far the heritability of a typical quantitatire 
character, namely body size, declined according to theoretical 
expectation with different levels of inbreeding, and in the 
absence of artificial selection. It is particularly interesting 
to see whether there is any evidence of natural øelection of 
heterozygotes and, if so 1 whether this is most noticeable with 
the less intense systems of inbreeding. The difficulty with 
studies of this kind is that estimates of heritability are subject 
to a considerable sampling error and numerous replicated 
experiments are required. In practice the size and number of 
the experiments are 1 lited by the time and labour available, 
since the measurement of flies, the culturing of eggs, etc,,, is 
very laborious. In the present experiment a number of parallel 
lines of each type of mating system were maintained, 
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Design of the experiment: 
(eneral: 
Since it is necessary to relate the heritability in 
any inbred strain to that obøerved in the random-mating 
foundation stock, several estimations of the heritability of 
wing and thorax length have been carried out in the Nett],ebed 
atock 
Four systems of mating, differing in inbreeding 
intensity are used, namely: brother-sister, half-brother and 
sister, doub].,e first cousins and half-double first couains, 
and with eacn s;istem five parallel strains have been mirt.ainecL 
The periodical eatimation of heritability on the various inbred 
strains within each mating system have been averaged to provide 
a measure of the change in heritability at particular levela of 
inbreeding. Extensive records of the net fertility of the 
different strainø have been collected, The straine within any 
mating system have been inter-crossed when they reach approximat-
ely 79 per cent, inbreeding, 
Estimation of heritabiliy& 
1, The random mating Nettlebed atockg 
Heritability estimates have been made by progeny 
tests using both random and asaortative matings. In the former 
eggs were collected at random and cultured in five vials. From  
each of these, ten pairs were measured and then mated at random 
in pairs, giving altogether fifty pairs. After mating in 
well yesated vials for three days, eggs were collected from each 
pair over four succeesive days and cultured in the usual way, 
Also the total eggs laid by each female were recorded over 
these four days together with the succeeding four days, giving 
an 8—day egg count as a measure of fecundity. From each of the 
cultures eét up on the first two days, five females were measured, 
to provide an estimate of the average size of the progeny of 
each mating. To get a measure of the fecundity of the progeny, 
a pair mating was made from each of the four cultures set up 
on successive days and an 8—day egg count was made for each 
mating. 
In the heritability estimates with aesortative 
mating, referred to in more detail (p. 24), the procedure was  
essentially the same except that instead of random mating of 
the parents, the matings were as follows: largest male .x largest 
female and second largest male x second largest female, and so oil, 
2 The inbred strain: 
(i) Brother—sister matings. 
At particular generations in this series, heritability 
estimates were carried out in the following way. From each of 
the five parallel strains, three pairs were mated at random, fed 
for three days and then transferred to oviposition vials for 
the collection of eggs which were introduced into cultures over 
two successive days. Five males and five females of the flies 
hatching in each culture of the first day were measured and four 
assortative matings were set up in pairs. The parent fli.* were 
fed for three days when they were then transferred to oviposition 
vials, for collection and culture of eggs, Five females were 
measured from each of the two cultures of eggs produced by each 
mating, 
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(ii) Other systems of mating s 
The general procedure for the structure of 
heritability is the same in the eystema with leas intense 
inbreeding, except of course s that the relationship between 
the parents bred in the aseortative eating is different in 
each system. 
(c) Measurement of net fertility: 
Net fertility refers here to the number of adulte 
produced by a pair mating over the first ten days of adult 
life, To ensure good conditions for oviposition and no over-
crowding of the cultures, the parent flies were shaken over 
into fresh vials after the 4th and 7th days, To keep a regular 
check in changes in net fertility, four pair matings were set 
up for every line in each generation. 
Great care was taken to treat the parents in the 
same way, since environmental factors greatly affect fecundity 
and hence the net fertility. Thus the parents were mated at 
the same age and handled together under similar conditions, 
(a) Crosses between inbred lines: 
At approximately the same theoretical level of 
inbreeding - 79% - the parallel strains within three of the 
series, i,e,, brother-sister, half-brother and sister, and 
double first cousin matings, were inter-crossed to see whether 
there are any signs of heterosia for size and fertility. Ten 
of the possible inter-crosses were carried out, using thirty 
males and females as parents 1 Eggs for each mating were 
-74- 
cultured over four days, and from each vial five female 
progeny were measured, 
Decrease of heterozygosity with different systOIft8 of mating. 
Before discussing the comparison between the 
various series it is necessary to consider the theoretical 
estimation of the decrease in heterozygosity. The easiest 
method of estimation is by means of the path coefficient 
method investigated by Wright (1920, 1921a, b, 1934b), 
Wright (1921b) has pointed out that the percentage decline in 
heterozygosity for successive generations with brother-sister, 
half-brother and sister and double first cousin matings, but 
for half-double first cousins it was necessary to compute 
it (see Appendix). 
The mating systea and the relation between mated 
individuala is shown in Fig, 13, The general formula for 
each of the various mating systems and the change in percentage 
of heterozygosis is shown in Table 7 and Figs, 14 and 15. 
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SYSTEMS OF MATING 
CU>>1. E >< 	 ,j 
(a) Continued mating of brother with sister 
	
(b) Continued mating of half brother and sister 
j l 
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J; . . 
(c) Continued mating of double first cousins 
	
(d) Continued matIng of halt- double first cousins 
?ig 13, 
TABLE7. 
Change in heterozygosity under various systeraa of eating. 
Mating Size of 
Group Proportion of heteroaygonia 
I 	 1 
ApproxiMate decrease in 
heterozygosia per single 
generation_% 
Brother- 
sister 2 PDT(1)+F(_2) 19 
aalf-brother- 





first cousins 6 Fn1/16[ 1+1(1)+2F(47(3) J 5 
1fr1 4(j  
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APPROXIMATE DECREASE IN PERCENTAGE HETEROZYGOSIS 
















Description of the results, 
I. Heritability of body eizos 
(a) Unselected stock. 
Three estimates of the heritability of wing and 
thorax length have been carried out in the unselected foundation 
stock, using the regression of average progeny size on the 
aid-parent size, One involved random and the other two 
assortative aatins. Although assortative mating do.s not 
affect the estimate of heritability for the character upon 
which the assortative mating is bred, corrections are necessary 
for the correlated character, i,e,, thorax length, and these 
have been applied by means of the formula presented by Reeve 
(in the press). 
The results of the three tests are aet out in 
Table 8, The results of the third teat are taken from the 
paper by Reeve and Robertson (in the press) who have used the 
was stock in their selection experiments, 
WIM 
TABLE 8 
keritability of body size in the initial population and the 
weighted means, 
fleritability % 
Test Type of Date 
i&ating Wing length 	Thorax Length 
lt teat Assortative December 1948 	32.0 ± 60 	35.0 t 7.0 
2nd teat Random December 1949 	23.(Y ±120 	- 2.0 ±11,0 
3rd test Assortative November 1950 	21,0 ± 4.0 	170 t  5,0 
Weighted mean. 	24.3 t 3.2 	20.3 t 39 
There is an interval of approximately one year 
between the successive teats, and it appears that heritability 
has declined in the random mated atock, probably due to a loss 
of genetic variability. The Becond teat gave an atypical 
result for thorax length in which the heritability is zero, and 
the standard errors for both estimates are very high. The 
weighted means for all tests indicate that nearly 24 and 20 per 
cent, of the total variance for wing length and thorax length 
respectively are due apparently to additive gene effects, but 
theae estimates may be low if the genetic variance has declined 
between the teats, 
(b) Inbred lines, 
The results of the various progeny tests in the 
inbred strains are presented in Figure 16 for wing length and 
in Figure 17 for thorax length. The relation between the 
change in heritability in the lines and the theoretical change 
depends on what figure is taken as a measure of heritability 
in the foundation stock, a point about which there is some 
uncertainty, for the reason given 1 
The first teats on the various inbred lines 
generally give values above the average for the foundation 
stock, and this supports the belief that the latter has lost 
some genetic variance, Therefore two estimates of the 
heritability at the start of the experiment are given in 
Figures 16 and 17, one based on the weighted mean of the three 
heritability teste referred to in Table 8, and the other based 
on the first test s These two values should give upper and 
lower limits to the actual value in the foundation stock. 
The heritability .xpected at each stage of 
inbreeding is calculated for each starting point from the 
following equation; 
(1-F) h 
Expected decline -  
1-Yh 
where F = coefficient of inbreeding for a given level, and 
= heritability of the initial stock. 
The inbred lines were started immediately after the 
second test, and since this test shows a higher standard error, 
the true value of the foundation stock may be nearer to the 
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HERITABILITY OF WING LENGTH UNDER DIFFERENT SYSTEMS OF MATING 
COEFFtCIENT OF INBREEDING 
Fig. 16. 
HERITABILITY OF THORAX LENGTH UNDER DIFFERENT SYSTEMS OF.MATING 
Brother— 5.55cr 
- - - - HOIf—brGIHcr by sister 
—. 	 OoobIt tireS 00gbPS. 
400 
HoIt-40vb15 first cousins 
—0------ Eeptothd 4.0110. trot., ao (.r.iqhnsd .i000) 
350 	











250 	 350 	 375 	 SOC 
	
670 	 750 	CI 
COEFFICIENT OP INBREEDING 
Fig. 17. 
-83- 
first estimatea, i,e, highest eøtiaatei. 
Average heritability estimates at the levels 25, 
50 per cent • , and at 67, 80 per cent 0 will be compared with the 
average expectation at theee levels of inbreeding. Results 
are ehown in Table 9. 
Heritability of wing length, 
(a) Average of 25, 50% 
in all systems of mating heritability estimates are 
higher than the expected decline from the weighted mean of 24 
per cent,, and are also generally higher than the expected 
decline from 34 per cent 0 except in double-first cousin matings. 
If the beøt estimate of the foundation stock is nearer to the 
higher value, all systems of mating show a higher estimate of 
heritability than would be expected on theoretical grounds, 
(b) Average of 67, 80% 
In the case of brother-sister matings there is 
littie difference between the theoretical and the observed 
value whichever estimate we take as standard s In the other 
ayatems the heritability is definitely even higher than that 
expected with the 32 per cent, level, 
Heritability of thorax length, 
(a) Average of 25t 50% 
Thorax length behaves in a somewhat different manner. 
Thus t*kfng  the 20 per cent, comparison, the estimates are 
generally higher except in double-first cousin matings, wi&le 
with the 35 per cent, comparison the observed heritability 
Average heritability of body size at the levels of 25 and 50, and at 67 
and 80 per cent, of inbreeding and the expected decline froia the start-
ing points. 
Average heritability estimates % 
Win- length 	 Thorax length Coefficient System 
of of Expected Expected decline from 
inbreeding mating Actual aecline frn+ Actual _______________________ 
.0-4 	35,0 - results 24,6t3 	32.0-6 	resulta 
25 and 50 Brother-sister 284 * 41 16,3 22.5 	244 ± 39 13.4 	25,0 
Half-brother and sister 
Double first cousins" 
29,0 t  4,2 




22.5 21.1 t4,7 
21.7 	14.8 ± 4,6 
13,4 25,0 
12.9 	24,1 
half-double first cou5iL1 25,5 	3,8 16,3 22,5 17.2 ± 5,3 13,4 25.0 
67 anc.i 80 Brother-sister 11.0 	5,2 7,9 11,4 	10.1 ± 5.7 6.4 	12,8 
Half-brother and sister 21,8 ± 4,0 7,4 107 127 ± 4,4 6,0 12,1 
Dotible first cousins 16.2 ± 4,2 7.7 11,1 	11.7 ± 5,3 6.2 	12.5 
* Average estimates at the levels of 31 and 50% of inbreeding. 
-.84- 
etiaatea are either o1oo to that expected or fall below, 
(b) Average of 67, 80% 
Heritability estimates are about twice as high as 
expected with the 20 per cent. comparison, but agree well with 
the 35 per cent, comparison, 
If the most accurate estimates of heritability in 
the foundation stock is somewhere intermediate between the 
highest estimate and the weighted mean of the three estimates, 
then there is a distinct tendency for wing length to decline 
in heritability leis rapidly than might be expcted, and this 
is not noted in the lee intensLy inbred series. If we consider 
the average heritabilities at 25 and 50 per cent, levels of 
inbreeding, it appears that inbreeding has sade hardly any 
difference to the observed heritability. But with further 
inbreeding, there is a decline in heritability, except probably 
in the half-brothere and sister matings; this decline is most 
str'ik{rg in the brother-sister nating. 
In thorax length there is evidence of a decline in 
heritability in the average of the estimates at 25 and 50 per 
cent, levels of inbreeding, especiaU - in double-first couein 
matings, but it is either negli4ble or small in the other 
series, At higher levels of inbreeding, heritability has 
definitely declined, more in accordance with the expected 
theoretical decline. 
Although wing and thorax length show largely parallel 
behaviour, nevertheless it appears that there is more getic 
Loss of variability for thorax length than wing length with 
inbreeding, 
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knklysis of variance as a method for estimating heritability 
Data obtained from the last progeny teata in the 
case of full eib, haif-sibs and double-f irat cousin matings 
(at nearly the same coefficient of inbreeding) were used in 
the pre sent analysis for estimating the heritability of 'wing 
length in each type of aating 	Equations used for calculating 
and interpreting the mean squares for each progeny test were 
given to me by Dr. aseve, and they are described below • 
TABLE 10, 
Interpretation of mean squares for a progeny teat. 
Mean square 	I Interpretation 
Within vials 	I 
Between vtalø 	2 [1_r+n(ri7r2)J 
within matings I 
Between matings 	2 [1_rj+n(rl+r2_2r3)] 
within famillee 
Between fitmflies 	2 f1_+n(++.6r3-8r4)J 
within linee 	i 0 
Between linep 	a2  [1_ri+n(ri+rzs'6r#16r4)J 
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Coiponents of variance 











Est.ieate of correlation 
Genetic correlation betweei 
f 
double first cousins r3 • , 
f 
quadruple second cousins r4 
Here LT2  is the varienoe of individual progeny from different liea, 
r1 phenotypic correlation between sibs from the same culture, 
r2 = phenotypic correlation between sibe from different cultures, 
r3 phenotypic correlation between double first cousins, 
r4 = phenotypic correlation between quadruple second cousins, 
n = number of flies aeasured per culture, 
yote: 1, r2 is the genetic correlation between aibs and 
(r1-r2) is the environmental correlation between flies from the 
same cultUre, 
2. Progeny from different matings of the same fmif1y are 
cJouble first cousins, and progeny from different filies of the 
same line are quadruple second cousins, 
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Tb.e genetic corre].ationa z'2, r3 and r4 may be 
eatiaated directly from the inia1yete of variance, Table 10, 
and their theoretical values in terma of h2, i,e,, heritability 
of the progeny, can be calculated from the path coefficient 
diagram (Fig. 18) • In Figs 18 these following symbols are useds 
Correlation between 
uniting gametes to 
produces 	 Offspring F Parent 7' U, parent F" 
Correlation between 
iba: 	 U3.' 
Correlation between 
matees  
In the progeny test of brother-sister matings, mates 
are aibs and a = a,, a 4' 
The symbols a b and al l b' etc are the same as defined by 
Wright (192.1b). 
By tracing the different paths connecting two variables, the 
following equations can be derived, 
EM 
PATH COEFFICIENT DIAGRAMS 
ILLUSTRATING CORRELATIONS BETWEEN DIFFERENT 
RELATIONS IN PROGENY TESTS 
















Correlations between different relations in progeny tests. 
Mqting r2 r3 r4 
Brother- a1h2 2b2m 2 16a2b2a' 2b' 2mt  h2 
sister 
Malt-brother- m1h2 2a2b2(m14)h2 8a2b2a1  2b'  2(4'+a' )h2 
and sister 
Double first m1h2 2a2b2(mFa )h2 8a2b2a 2bt 2(4'+z')h2 
cousins 
N.B.It is asaumed that 




m 	b2 Wright (1921b) 
The theoretical valuea in terms of h2 are 




The theoretical valuea of r2, r3 and r4 in terms of 112 . 
Correlation Brother- Half-brother 	Double first 
sister and sister cousins 
r2 0.941112 0946h2 	 0941h2 
0,010 0,915112 	 0.908112 
r4 0864h2 0.885112 	0,888h2 
Since the parents were mated aesortatively, r2 will 
be alightly overestimated, but the bias will be small since 
112 
Results; 
After applying the previous method of analysia g the 
following results were obtained, 
TABLE 13, 
Lierita'oili of wins 1enth in various systems of ma 
	at 
nearly 79% coefficient of inbreeding, 
Estimate beeed on 
systems of mating  
r- r3 
Brother-sister 0,226 0237 0,056 
Half-brother and 0,247 0,256 0 0 219 
mister 
Double first cousins 0,304 0,234 01189 
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The first estimate (r2) based on Bib correlation 
in any system of mating will be the more accurate estimate ainci 
it is based on the largest number of degrees of freedom. The 
heritability estimate for iring length in the unel.ct.d stock 
mated at random by the present method was found to be 0,40 9  
which is higher than the value referred io in Table 8 using 
the regression method s mud ØIMI1-Ar differences are fomd for 
the inbred lines as in seen by comparing the (r2)  eatimate in 
Table 13 with those for the last progeny tests in Figure 16 9  
except for half-brother and sister matings. These two estimates 
are baeed respectively on the correlation between parent and 
offspring and the correlation between aibs, and the fact that 
the latter is usually higher suggests that there is a good 
deal of non-additive genetic variance in the stock which has 
not been entirely elfMln.&te'd by the inbreeding. 
Table 13 ahows that heritability of wing length 
based on sib correlation has declined by inbreeding compared 
with the initial atock and tends to be lower in the more 
rapidly inbred lines. This supports the tentative conouøion 
baBed on the regression estimates, for a given amount of 
inbreeding, that rapid inbreeding is more effective than slower 
inbreeding in e1IlinAting heterozygosis. 
II • Genetic correlation between wing and thorax length: 
The various progeny teats on the random-bred and 
inbred populations provided data for the calculation of the 
genetic correlation between wing and thorax length. In the 
test with random mating Kazol' a (1943) formula can be used, but 
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when the psrents are sated is sortatively it is necessary to use 
the corrections described by Reeve (in the press), 
TabLe 14 deals with the correlations estisated on 
the r.ndoe eating population. In the second test the 
correlation could not be calculated because the heritability of 
thorax length was fomd to be n.gativ. (i.e Table 8), 
TLbLE 14, 
Uenotic correlation between wLzi anr tnorax length for the initial 
rulation and the direct evcra, 
Type of eating Gnetic correlation % 
1t tt Aortative 65.0 
test x(andaa - 
3rd t..t Asiorttive 83 10 
Average 74.0 
The average value of 74,0 per cent, indicates a 
high genetic correlation between wing and thorax length, which 
is to be expected since both are correlated with body sise • 
Results of the genetic correlations, using 
Reeve's foraula (see P. 35) in different inbred lines, are 
presented in Table 15, 
In the inbred strains there is a tendncy for the 
correlation to fell in the east extre.e levels of inbreeding, 
but there is no decline up to about 60 per  cent, 000fftoient of 
inbreeding. As the genetic variability is reduced we would 
expect the genetic correlation to approach zero, It appears 
PART. 15. 
Cenetic 2REMILIUM beWeen  AM and thorax length in an ay5t$ of 
Coefficient BYOth*rII..aj*tOT Half-brother Double firet lialf-&uble fir5t 
of inbreeding ath aietez- coueiria oouains 
25-30 0.93 0.79 0.77 0.82 
50 0.87 0.21 0.74 0.89 
67 099 0.69 0,32 
75 - 0.41 0.81  
78-80 0.41 0.23 0.40 
* Average of estimates at 37 end 50% (0.78 and 1.0) 
that even at high levels of inbreeding the genes which affect 
wing and thorax length are segregating, and this is further 
evidence of considerable genetic variability,  
III. The effects of inbreeding on different characters: 
The harmful effects of inbreeding may be due tos 
The appearance of some deleterious receasive genes in 
the hoiaozygoue condition, which would otherwise have 
remained undetected in a heterozygous condition, hidden 
by their doin*nt alleles, 
The fixation of either the doiiln*nt or recessive allele 
at a ].00us where a heterosygous condition is the most 
favourable, i,e,, over dolnanoe is eliminated. 
The present experiment may throw some light on 
the relation between inbreeding depression and different systems 
of mating. D itferent characters will be discuaeed in view of 
the effects of inbreeding at the same theoretical level of 
homozygosity attained by different mating systems. 
These characters are; 
1. Body size, i,e,, wing and thorax length 
2, Kgg production 
3. Fertility, 
1, Body øtzei 
(a) Effects of inbreeding. 
The data relating to the effects of inbreeding on 
wing and thorax length are based on the average of all flies 
measured in each progeny tests The results are given in 
Fig. 19 for wing length and Fig, 20 for thorax length, as 
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proentage deviation from control 0 
Tbeie figures indicate that Aing and thorax length 
are not greatly altered by inbreeding. There are slight 
differences between the various inbred linea; those bred by 
full sib matings show the greatest decrease in both diasnatone, 
The depression in the lines bred by half-sib and double-first 
cousin matings only becomes apparent at high levels of 
inbreeding, 
(b) Phenotypic variance, 
The phenotypic variances of wing and thorax length 
in the different systems of mating are measured as the 
coefficients of variation, Results are presented in Fig, 21 9 
a, b, c and d for wing length and Fig, 22 a s b, c and d for 
thorax length; each mating system is given separately together 
with the control, 
These figures clearly indicate that inbred flies 
in all the systems are less variable than the control, It is 
of interest to note that the full sib matings show a 
relatively greater reduction in their coefficients of variation 
for wing length. The most general feature of these results is 
that cofficiente of variation for wing and thorax length in 
all the matings tend to become stable at higher levels of 
inbreeding. 
The coefficient of variability is due to a mixture 
of genetic and environmental variation. There is apparently a 
discrepancy between the decline in the coefficients of variation 
and the negligible change in heritability in the earlier stages 
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MIT 
environmental variability, since all lines behave sil-1arly. 
It is quite possible that the environmental variability was 
unusually high in one of the teats on the foundation stock, 
i • e,, the •vcond teat, 
2, Egg productiona 
Before discussing the general effects of inbreeding 
on egg production it is necessary to find out how far this 
character is affected by heredity and how far by environment. 
The beat method for this purpose is the heritability estimate. 
(a) Heritability estimate, 
The method which can be used for such a character 
is the intra-sire regression of offspring on dam (Lush 1940) 
since males cannot express the character themae1ves 	The 
measurement of egg production for the data collected on this 
study has been the total number of eggs laid by individual 
females mated with one male, over a period of eight daya. 
Calculation of the regreeaion coefficient of 
offspring fecundity on dam fecundity gave 0,026 ± 0,085, and 
this value should be doubled for an estimation of the total 
genetic contribution. The heritability estimate of 5,2 per 
cent, is very low, and may indicate that five per cent, of 
the total variance for egg production in this stock is due 
to additive gene effects, 
It may be concluded from this result that egg 
production for the stock under consideration is affected *uch 
more by environment than by, heredity, 
(b) Effects of inbreeding, 
The data collected on the unselected stock by the 
progeny test of random-mated flieø indicate that the daily 
average of egg production of this etock is 47,3 with a 
coefficient of variation of 28,6%. 
Table 16 presents the daily average of egg 
production in all øyateme of mating and the coefficients of 
variation. Since egg production in the foundation stock In 
so much affected by environment, and because of the absence of 
controls due to the pressure of the other work s little can be 
drawn from tieae results by comparing the trends within the 
various lines. The estimates for the different inbred lines 
are not directly comparable with each other since they were not 
made at the same time, and controls were not measured to show 
the effect of erwironmental variations. But there is obviously 
a general tendency for continued inbreeding to reduce egg 
production substantially, After 75-80% of inbreeding, the 
average egg production fell to about 35 eggs per day in the 
half-brother and sister lines and 31 eggs per day in the double 
first cousin lines, or about 'O% of the production before 
inbreeding. It is not certain whether rapidity of inbreeding 
influences the amount of decline etuce the other two aertes, 
i,e,, brother-sister and half-double first cousin matings were 
not tested sufficiently at higher levels of inbreeding, 
It can be noticed from the same table that inbreeding 
produced comparatively small changes in the coefficients of 
variation compared with the unselected non-inbred stock. 
TABLE 16. 
Broth.r'-.ist.r Half-)zotber ath sister Double first oouaiz Half-double first .o*ain. 
Coeff. Average C.Y. Coff. ' Averag. C. V. Coeff. Aversg. C.T. - Coeff. Average C.Y. 
of of cl of 
inbrd6 inbrde inbTd. inbrd. 
__ __ __  4% 
25.0 25.0 48.6 38.4 31.3 46.4. 13.9 24.4 42.4 21.9 
50.0 51.1 28.9 50.4 33.2 2Z,..5 50.8 43.0 20.2 37.5 4.3.3 21.9 
67.2 32.7 41.9 67.3 48.0 22.4 6c 67.6 57.8 20.8 4.9.9 42.1 260 
78.5 43.9 27.5 75.3 3..2 49.3 74.8 30,9 27.0 
81.3 36.7 1 22.6 78.7 1 32.2 1 25.4 
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(c) Phenotypic correlation between female body size and 
egg production. 
The measurements of parents' body size and 
collection of egg production provided data for the calculatiofl 
of the phenotypic correlation between female body size (i,e,, 
wing and thorax length) and egg production. 
Reøults obtained from the unselected stock mated 
at random indicate that this correlation is 0.47 for wing 
length and 0,46 for thorax length, whioh are significantly 
different from zero. Table 17 shows the phenotypic 
correlations between body sice and egg production in all 
different matings. The only significant correlation in the 
inbred lines for wing length are those at the levele of 50 and 
75 per cent, of inbreeding in the came of brother-sister and 
double first cousin matings respectively. Thorax length behaves 
similarly to wing length and the only significant correlation 
is at 67.6 per cent, 9f inbreeding in the case of double first 
cousin matings. 
It may be concluded from these results that there 
is a significant positive phenotypic correlation between female 
body size and egg production in the initial unselected stock. 
Under different eyeteme of mating this correlation fluctuates 
between plus and minus values but does not differ significantly 
from zero, 
Phenotypic correlation between traits may be the 
result of both genetic and environmental correlations, Egg 
production in this stock is found to be affected such more by 
environment than by heredity; thus a phenotyptc correlation 
TABLE 17. 
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0.43 40.28 11 
78.5 -0.21 -0.2 17 75.3 0.02 40.21 16 74.8 .0.50 90.25 23 
+0.04 -0005 19 
81.3 -0.02 40.24 26 78.7 40.07 40.01 31 
A. 40.05 .0. -.0.06 40.11 .0.2 40.28 _ F 40.11 90. 141 
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between egg production and any other character could be due 
wholly to environmental factors favourable for both the 
characters, 
The significant correlation found in the initial 
stock is probably due to the particular environmental conditiona 
in that experiment, and the low or non-exia tent correlation in 
the inbred strains is probably not due to inbreeding 
3, ?ertilityz 
This will be diøcua.d under the folloing headings: 
Percentage emergence, 
Phenotypic correlation between body ciae and percentage 
emergence, 
Net fertility, 
(a) Percentage emergence: 
This is calculated as the number of adults 
expressed as a percentage of the number of eggs cultured in a 
vial, Fig, 23 represents the percentage emergence in all the 
inbred lines. The work was extended to take this point into 
consideration from the fifth generation after starting the 
present experiment. This figure clearly indicates that the 
percentage emergence decreases more at the lower levels of 
inbreeding in case of double and half-double first cousin 
matings, after which it remains in general constant. At the 
higher levels of inbreeding there are slight differences between 
the various inbred lines, but brother-sister matings show the 
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Phzrno1ypic correlation between body size and percentage 
emergence, 
This correlation is based on the percentage of 
eggs yielding adults and aid-parent aize. The percentage 
emergence was changed into degrees using Fisher and lates 
Tables (1948), and the correlation was then calculated from 
the transformed data. 
Phenotypic correlation in the initial popu1aton 
between mid-parent size and percentage emergence was found to 
be -0.29 for wing length, and the corresponding value for 
thOrax length was -0,12, but these two correlations do not 
differ significantly from zero. Table 18 represents this 
phenotypic correlation in &abred linea, These results show 
plus and minus correlations, none of which is significantly 
different from zero, 
Net fertility, 
This is taken as the number of adults which are 
produced by a pair of flies over ten days. Fig, 24 
represents the results as percentage deviation from control, 
It is clearly shown that all the inbred lines are higher in 
their net fertility than the control level at the first 
generation, although brother-siater matings show a lower net 
fertility than the other systems, The difference between the 
net fertility of the inbred lines and the controls may be due 
to some environmental factors which do not affect both series 
eii.ilir1y, However, net fertility in all the lines starts to 
fall below the control level at the second generation except in 
TABLE 18. 
Phenotypie correlation between aid-parent body vise and percentage emergence, 
brother-Sister 	kalf-Brother and Sister 	I  Double First Coueins Ualf-Double First Couina 
oeff.  ing Thorax D.F. Coeff,I lung I  Thorax D.F. Coeff,I  Wing 
I
Thorax D.F. Coeff, Wing 	Thorax 	D.F. 
of in- Leritt Length of in- Lengtl Length of in- Length Length of in- Length 	Length 
breet3 breed, breed, breed, 
5.0 - - - 	 25.0 	- - - 	 31,3 -0.04 -0,08 29 24,4 +016 +0,1.3 	22 
53,0 - - - 	 50,4 +0,18 +0,37 18 50,8 -0.21 +0,06 13 37.5 -0,15 -0,12 13 
67,2 +0,11 +0,10 13 67,3 	-002 +0,01 18 	67,6 +0,22 +015 19 49,9 0,15 0,29 	26 
r/d5 -0.26 -0.02 2 5 	75.3 	+0.22 +0,25 17 	74.8 -0.35 -.0.26 26 
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double first couain matings, in which it starts to decrease in 
the third generation. 
It is of interest to notice that brother-sister 
matings cause a greater decrease in net fertility than other 
lines in nearly every generation. Half-double first cousin 
matings show a net fertility lower than the control level but 
higher than other matings, Half-brother and sister and double 
first cousins have generally intermediate values between the 
two extremes of intensity of inbreeding. The sharp drops in most 
of the lines at the 11th and 14th generations are probably due 
to some environmental factors. 
These results iiay sugeat that the closest inbreeding 
is accompanied by the greatest decrease in net fertility, thus 
confirming the previous results of the percentage emergence. 
There is a general tendency for the inbred lines to fluctuate 
together independently of the controls, which appear to react 
differently to the same range of environmental conditions. It 
is therefore impossible to compare changes in net fertility 
11th increasing percentage of inbreeding, as in the case of 
body aize, 
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4. Crosses between inbred linea, 
The random inbred lines of three systems of eating 
(i,e,, brother-sister, half-brother and sister and double 
first eouain) were inter-crossed within each ayete* at nearly 
79 per cent, of inbreeding in mass eating, to study the amount 
of b.eterosie on body size and the percentage emergence, 
(a) Body size, 
Results obtained from such crosses are presented 
in Table 19 as percentage deviation from control for the 
unselected inbred lines and crosses between thee. if eterosie 
is measured as percentage deviation of the cross lines from 
the unselected inbred lines, 
It will be seen that inbreeding at nearly the level 
of 79 per cent, has in all cases caused a slight decline of 
between 0.5 and 2,0% in both dimensions, These figures in 
general agree well with the decline of body size as measured 
from the heritability teats (see Figs. 19 and 20), though the 
latter shows a slight decline for body øize from the control in 
the brother-sister and half-brother and sister matings and 
greater decline in double first cousin matings. 
When the different lines of each inbred series were 
crossed there was slight heterosia of body eize, which was 
greatest in the more rapidly inbred lines and was not significant 
in the double first cousin series (aee last two columns of 
Table 19), 
Maximum heterosia was 16% for wing length and 1,7% 
for thorax length and it will be seen from the deviations of 
the crosses from controls that )aeteroøia did not generally 
TABLE 19. 
Percentage eviation from control for the unaelected inbred lines and for 
crosses between them. 
Percentage of heterosia. 
Syte:a o.L' iatin Deviation from control 71 iIettrosi 
Unselected inbred lines ' 	 Crsaes 
wing Length Thorax Length Tiing Length Thorax Length ing Lengtri 	Ahorax Length 
i3rother-aister -0.79 -1.' 	' +0,79 -0.54 +1,60 +1.18 
half-brother & sister -1.46 '' -1.46 ' -0,22 +021 +1.26 
Double first couains -0.84 -1.86' -0.95 -1.40 -0.11 +0.47 
• Siifioant at 0905 
'I •. 	 I 01 
II 	 if ..• 
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sake body aize significantly higher than that of the originkl 
non-inbred stock. The crosses from the least rapidly inbred 
linee remained significantly below the body eize of the control, 
Coefficient of variation. 
Variability of body size in inbred lines and the 
cross lines are measured as coefficients of variation and the 
results are shown in Table 20, It is clearly shown that the 
random inbred lines are less variable than controls in both 
wing and thorax length. Coefficients of variation remain 
constant after crossing the random inbred lines, 
Percentage emergence. 
Results are shown in Table 21 as differences 
between unselected inbred lines and cross lines from controls. 
fieterosis is measured as the percentage deviation of the 
cross lines from the random inbred lines, 
TAE 20. 
Coefficient of mriation_tr body aize in randora bred 1ixa, oi'oases and control. 
Syati of mating Random inbre4_ Crosses Contro' 
Wing Thorax Wing Thorax Wing Thorax 
]ength 1eth 1enth lezth ]th 1atb 
Drother-siater 1.2 1.5 1.2 1.4 1.5 1.8 
Half-brother and 31ster 1.2 14 1.3 1.5 1.7 1.8 
Double first cousins 1.3 1.7 1.3 1.4 1.7 1.8 
TABLI 21, 
Percentage emergence - differences between random and cross 





Heterosis % Random Crossea 
Brother-sister -11,23 -9.47 3,12 
Half-brother by 
sister - 7.77 -2,20 9.37 
Double first 
cousins - 0.56 -1 094 -2.31 
The results of the unselected inbred lines in the 
above Table agree quite well with the previous results in 
showing that tkie percentage emergence in case of brother-
sister matings is the lowest. Crosses between the unselected 
inbred lines increase the percentage emergence, but the latter 
hardly reaches the control atock level, It is to be expected 
that crosses within lines of sib-matings show more heterosia 
than any of the other systems, as its percentage emergence is 
affected more by inbreeding. However, half-brother and sie ter 
matings show more heterosia. Double first cousin matings do 
not show any heteroeia at all for this character as has been 
noticed before in the case of body size. 
Summing up, the previous results indicate that 
heterosis occurs when inbred lines are crossed, but it hardly 
reaches the level of the unselected initial population. The 
appearance of heterosis depends mainly on the depression effects 
of inbreeding on the character under observation and this 
depression may depend on the type of mating system, 
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These experiments on inbreeding have been designed 
to col].ot sane quantitative inl'onnatiam on the effects of 
inbreeding an the genetic and phenotypic variability of body 
also in osohila and various aspects of fertility. Although 
the general results of inbreeding are widely known, there In 
vezy little iutozaation about the changes in genetic variability 
in relation to degree and intensity of inbreeding. The 
frequent use of coefficients of inbreeding In livestock, and 
assaptions generally mad about the effects of inbreeding on 
genetic variability, presuppose that the gene differes 
ooneerned are largely a&Iitive in action and that natural 
selection doea not favour heteroygotes canpared with }-. 
4'gotes, or via. X2Z1. 
Only in suitable experimental AI1ials is it 
usually feasible to test sane of these assiaptions. Even in 
an animal like oeophiL& it Is hardly possible to make adequate 
experiments, because of the labour involved. 
The estimation of heritability 1W the method of 
regression of offspring on m-parsnt, measures only the  part 
of the genetic vartns which behaves ad'Iitively, end hence 
important nonadditive genetic variation may not be detected 
and this m#V provide a misleiA{ig picture of how far genetic 
variability has been changed. The method of analysis of 
variance baaed on sib correlations includes part of the non-
additive genetic variance, and estimates of this kind have 
been calculated for the progerq' tests made at approxiinate&y 79% 
of inbreeding. 
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Three different oharacte a in the non'.inbr'ed 
population, n4y wing length, thorax length and egg produc.. 
tion, were chosen to stuir the fraction of the total variation 
in each character which is due to heredity, i  j ee heritability. 
The relative heritability estimates for each of the characters 
studied are present.d in Table 22 9 together with their cost-
ticienta of variation. Heritabilities of wing and thorax 
length are shown as the weighted means of the thi'ee progez' 
teats which have been done in ths initial population. 
MW 22. 
Heritability estimates of various oharacters in the initial 
population and their respective ooeft'isients of variation. 
Character h 	 0.V. 
7ing length 214.3 	 1.7 
Thorax length 20.3 	 109 
Egg production 5.2 	 28.6 
These estimetea are liable to senpling errors, and there is 
reason to believe that heritability of wing and thorax length 
is higher than the weighted mean, because one of the tests gave 
atypical estimates, possibly due to some enviromental effect. 
These heritability estimates measure the .&litive gene effects, 
but may i1uda a anall portion of the spistatic variation. 
There may be additiomel genetic variation due to the effects 
of doninanoo and spistasis. There appears to be a good deal 
of mena&Iitive genetic variation for body sise present in the 
stodc, since the heritability estimates baaed on the correlation 
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between siblings were greater than those based on the regression 
of offspring on mid-parent size, both before and after 
inbreeding. Judging front the effects of long inbreeding on 
variance of body size, at least 50 per oant, of the variare 
in the unselected stock is envirozRsntal (Reeve - Robertson, 
in the press)a so one oould estaate for wing length that 
30 per cent, is additively genetic and 20 per cent, diie to 
nen'.Mitive genetic effeots. 
It is of interest to point out that the character 
with the lowest heritability, j2, on production, shows the 
greatest coefficient of variation, and also shows a much 
greater decline during inbreeding than wing length or thorax 
length. This s.ets that a large portion of the genetic 
variation of on production is also due to non-addit iv. gene 
effects, and that a larger proportion of the total phenotypic 
varianoe of this character is genetic than Is indicated by the 
heritability. 
These results agree well with what was reported 
by Shoffn.r and Sloan (191.8), who attacked the pz'oblez on 
various characters in poultry. They found that the characters 
with the lower heritabilities have the greater coefficients of 
variation. 
In the present study, the heritability of body size 
in lines inbred at different rates but to the some inbreeding 
coefficient was estimated, in order to teat whether rate of 
inbreeding influenced the amount of loss of hetero2rgosity 
for a quantitative character. It was not possible to decide 
how far the rate of decline in heritability in the rapidly 
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inbred lines agreed with the theoretical rate calculated by 
Wright' a formula, since the heritability of the original stock 
could net be estimated with sufficient aoouray, but the 
expected and actual heritabilities appeared to be in agreenent, 
at least for the higher levels of inbreeding in the case of 
brother..aistoz' matings. On can paring the lines inbred at 
different rates, no differences were found in the earlier 
stages of inbreeding, but on the averageizig of the heritability 
•stiaatea made at coefficients of inbreeding of 67 per cent, or 
nero, the values of wing length were 11 ± 5% for brother-
sister matings, 22 ± 4$ for half..brother by sister matings, 
and 16 4$  for double first cousin matings, compared with an 
expected value of between 7 and 12 &, a000rdir1g to the starting 
point. 
These results do net show a imiform tendency for 
loss of hetero&ygosity to be proportional to rate of inbreeding, 
but they do suggest that brother-sister matings were more 
effective than slower rates of inbreeding in eliminating 
heterotygoaity. This ooneluaion is supported by the estimates 
obtained from sib correlations at nearly 79 per cent, of 
inbreeding. At this level, the estimates for wing length by 
the two methods wore 9.2 0 23.1 and 15.6 using the regression 
not od, and 22.6, 2.7 and 30.4 per cent, using sib correlations, 
in the case of sib, half-sib and double first cousin matings 
respectively. The two methods of estimation agree quite 
well in suggesting that there in a greater reduction in heri-
tability of wing length at the higher levels of inbreeding 
wdmr brother'.sister matings than wer the less intensivs 
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aysta. The d.tfferenoes between the estimates based on ths 
two methods may be due to senp].ing errors, but they are all in 
the sane direction, and this s.sts that there is still some 
wn"additive genetic variability resaining after 79 per cent. 
.LUIW*SdJ.ng* 
Our results, though net decisive, probably moan 
that intive inbreeding is more effectiv, than slower rates 
of inbreeding in eliminating heterogygosis, and therefore 
support the )ypotheaia that there is some natural selection of 
haterozMais for a. character such as body size. Such 
selection probably eats on viability. 
The present experiment was carried out ucder 
optinqu conditions to inimiae envirozental fluctuations. If 
envirarmental conditions are differnt, selection inteneities 
will be different. It is possible that if the experiments were 
repeated ucder more sv.re conditions like starvation or 
overcrowding, natural selection of het.roaygotea would be more 
clearly danonstrated, 
Results secured from studying other characters agree 
in dwwimg that heterozygosis may still be present in the 
inbred lines. Genetic correlation between wing and thorax 
length ranaina in general stabl, at the lower levels at 
inbreeding, and declines slightly at the higher levels in each 
ystea of mating. As the genetic var1abi1ity is redueed we 
mould expect the genetic correlation to approach zero. The 
results tildarly danonatrat, that genes responsible for body 
size are segregating, and this is further evidenee at ooraiderable 
genetic variability. 
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B04 size and its phenotypic variability showed 
most reduction in the more intensely inbred lines. Thewtypio 
vex'ie is a result of genetic sad envfroiaental factors, 
and as gea tic variability declines, phenotypic variance will 
decline if enviromental variation is constant. The pester 
decline in phenetypio variance of body siaó in the asse of sib 
matings than in *ther system & supports the previous eorolu.ion 
that gee tic variability has declines more in the intensive 
inbred lines. 
Percentage anergemoe shows that the effects of 
inbreeding on viability are more drastic for brother-sister 
matings than for milder rates. At the higher rates of 
inbreeding average percentage emergence is 61 0 66 and 68 per cent. 
in the case of brotheroister, half-brother by sister, and 
double first cousin matings respectively. In the ease of net 
fertility the inbred lines fluctuate together independently 
of the controls, which appear to react differently to the sane 
envirorinental conditions. Therefore it was impossible to 
compare the net fertility with the coefficients of inbreeding. 
It seems that brother-sister matings show more decrease in net 
fertility in nearly evely generation than the other sys tans, 
while half-'double first cousin matings show the least decline. 
The differences between the lines are net as great as might 
be expected from the different rates of inbreeding, sine, by 
comparing lines at the sane generation, we are comparing the 
effects of different asouct of inbreeding, proportional to the 
rates. 
Croaes between inbred lines within each systan of 
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mating at nearly the se coefficient of inbreeding show 
heteroai. in all the characters studied only in the case of 
the more intensely inbred lines. No heteresis was noticed 
in aw of the character, in the case of double first cousin 
matings, suggesting that the different inbred line, of this 
eeries did not differ so such as the various inbred lines of 
the other eerie.. This may be taken as evidence that 
inbreeding has been less effective in increasing wmozygosity 
in these lines. 
Egg production in the case of brether.siatez matings 
does net agre* with the previous conclusion, as it shows less 
decrease than for half-brother by sister and double first 
cousin matings. Sinoe an production was not measured in the 
oonb'o2s to show the envirorntal fluctuations, little can 
be concluded from these result.. 
The previous results of all different oharecters 
suggest tts 
The effects of inbreeding n.j be influeno.d by the genetic 
ooustiation of the fotnidation a took, the rate of inbreeding, 
and possibly also the envirormantal conditions whia vii] 
jofluence the intensity of natiral selection for a particular 
gemotype. 
Natural selection may reduce the rate of iiease of 
)ioimoygo.ity  below that expected in aW eyates of mating, at 
the lower levels of inbreeding. At the higher levels of 
inbreeding, brothei'.sister matings appear to be more effective 
in eliminating heteroijgoaity for a character such as body 
size, than the less intensive 5yBtens of inbreeding, 
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One mW suggest from these results that this 
situation aey hold true in the case of livestock, where the 
rate of inbreeding is generally rather low, and computed 
coefficients of inbreeding may over-estimate the real 
)eygosity attained in the inbred animals. Mi(1 breeding 
investigators always make allowance for the mount of 
inbreeding in their stock when they estimate the expeoted 
heritability of a particular character in the ncn-inbrd stock. 
This danger of bias has been realised on theoretical grounds by others, 
though no practical evidence has before been obtained. Wright 
and Eaton (1929) stated that "The szvoidable natural selection 
of more vigorous lines eight keep a greater amount of hetero-
ygoais in minor factors in the stock than that expected by 
theoxy". 8hoffner and Sloan (1918), who adjusted the 
heritability estimates for different characters in poultzy 
for the amount of inbreeding in their flock stated that "If 
the reduction in the genetic variability Is actually less than 
the inbreeding coefficient inpUos then there would tend to be 
an exaggeration of these estimates which are higher". 
Evidence reported from the first selection experi. 
meat of this thesis initoates that artificial selection for 
wing length may involve selection for hetero'gotes, since 
the coefficients of variation for long wing lines are higher 
than those of the mnall wing lines. Average heritability of 
wing length in the selected lines resains almost constant at 
the lower levels of inbreeding and declines at the higher 
levels, although no sib correlation test was carried out. 
Response to selection stops after the first thre• generations, 
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- it is possible that n-edditive variation may still have 
been present after this point. Artificial selection both fbr 
long and for short wing length caused a decline in percentage 
en.rg.no., possibly due to pleiotropic effects of genes or 
linkage b.twon two groups of genes responsible for body siss 
and fertility, wiile fertility in the lines maintained 'sithout 
artificial selection dSCx'eaø.d slightly at the earlier 
generations of inbreeding* 
tbe case reported in the aooM eEpezlaent is 
rather interesting in that it show that high geneio 
variability conbined with low phenotypic variance oan be 
maintained a. with intensive inbreeding. G,n, Btadler and 
Johnson (1 91.6) have suggested that there is a tendenr to not 
up a balanced lethal eaten with intensive inbreeding. Hence 
before wiaing that bcaoqgosity is attained by inbreeding 
in Drosophila a test for lethals, is neoeasaz. 
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I • 	Dmophila q gaer " NettlebedO stock is the 
material for the present study on quantitative inheritance, 
Three different characters are chosen to caloulate 
the heritability estimate for each of them. The weighted 
means of three proge1' tests in the nen-bred population show 
heritabilities of 2.1,. per cent. and 20 per cent, for wing and 
thorax length respectively, while egg production in the randos-
bred progoW test shows a. heritability of 5 per cent. 
Inbreeding was i*tdertaken through four different 
systems of mating, and heritability of wing and thorax length 
was estimated by progaW tests at the s*, or nearly the 
same coefficients of inbreeding between different intensities, 
Heritability estimates of wing length rin nearly constant 
at the lower levels of inbreeding, and decline at the higher 
levels, The decline in heritability estimates at higher 
level, in the case of sib-eaatings are nearer to the theeretioal 
expectation, while the other systems cause a slight reduction, 
There is a high positive genetic correlation between 
wing and thorax length in the initial fotation stock. It 
remains nearly stable in all aye tams of mating at the lower 
ocefficienta of inbreeding, and declines slightly at the higher 
levels. 
Body size and its phenotypia variability decline 
in all systems of mating, but sib-matings show the highest 
reduction. This decrease in phenotypic variance is not 
proportionate to the coefficients of inbreeding, 
6, 	Egg production has declines more by inbreeding than 
body size, and Its phenotypio variation remained almost 
cormtant in all the systems. 
79 	 There is a positive .igniti. cant correlation in 
the initial population between body size and egg production, 
while percentage emergence shows an insignificant negative 
correlation. After inbreeding through different systems, 
these correlation, fluctuate between plus and minus values, 
and are mostly insignificant. 
89 	Percentage emergence and net fertili1j have do.. 
creased by inbeeding; in each case sib-matings show the 
greater decreases, 
90 	 Crosses between inbred lines within each ya ten 
of mating at nearly the sane coefficient of inbreeding show 
heterosis, in the case of sib and half-sib matings, for 
percentage emergence and body size, while double first cousin 
matings do not show heterosis in azV of thee. characters. 
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ACPIX 
Applicationof path coefficient method 
to hal.f.-double firet aouzina matings 
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I am indebted to Dr. E. Reeve for his h.lp in 
working out theu calculations. 
It is possible 1W drawing a diagram showing the 
relationahips of indi'vidxiela in a Waten of mating, to apply 
the path coefficient method to such a diagram and calculate 
the rate of decrease of heterogoaie consequent from such a 
mating system (Wright, 1921b - 1931b). 
Li (1948) has thoroughly reviewed all the literature 
on the theoretical decrease in heteroq'gosis due to inbreeding, 
and has ale any desaribed. Wright'. method of using path 
coefficients for calculating the theoretical decrease in 
hetoroçygosis due to different syatams of mating. 
In Pig. 25 is ahon a diagram of half'.double 
first cousins, and in the following application of the path 
coefficient method to the present problam, Wright's symbols 
will be used, with getes and qgot.a as the variables. 
DIAGRAM ILLUSTRATING RELATIONS BETWEEN MATED INDIVIDUALS IN CASE OF 
HALF—DOUBLE COUSINS MATING. 	Path cocfliciints arc reprcscnted by small lctters. 
Ftg. 25. 
In Clio diar, 
F 	correlation between witixig getes. 
G a 	 ' 	gametes of sib.* 
a' a path aoeffioient ftm gete (sgg or sp.m) to qgote. 
b e path ooefficient from zygote to its gete. 
Kwwing (1) that the squared path coefficient, zygote to geto, 
b2 - 
F' a 70 in the diagre, 
and (2) that 
the squared path coefficient from gete te qeti, 
2(1+P') 	 (rright, 1921b) 
Then by tracing the paths conn.oting the gatea of sib., we 
have 
ba'2 (2P 1 +1+7 9 ) 
andainc. b2a'2 - 
* 
Therefore 
a 	- Lv;: [i 	-2)n..3)] 	(1) 
Tracing the paths connecting the tmiting ganetes, we can find 
four paths, one path leading to sibs # and tinee paths leading 
tOOU$inS• Thust P2 b2e 2 [
a1 ., 1j 
	
P a b a2 	[G(.111) + 	)j 	(2) ni- n 	n ( ) 
3ubstitutig equation (1) for %..i)  in equation (2), we get: 
&( j) [.(i+ (n-2) 	(nu.3) 	(M,-i)j 
Since b2.'2 a 
F
+ %s2) + F(3)) + (n.i)J 
a(1 + 	(m.i) + 	(n..2) + 7 ( 3)) 	
(4w) 16 
In 00 mating syatan oonaidered no correlation oocu's between 
-125- 
w&iting gtes in the first generation, and applying eqtion 
(i) gives us this series for G: 
a1 - ;, G 	;?;, G3 - _2., ........... etc. 
32 
Applying equation (3) gives us this series for F: 
- 	• F00, 	
2 16' 	3 
In table 27 and  FIg. 14 are given ths values of? for the 
first fifteen successive generations of half"douW.e first 
cousin astings. 
An estimate of the average percentage decrease of heteroiygosis 
per generation oan be found from equation (3) ,  
F= [(1+2? 	
F 	+3F s ) 
(n2) 	(n"3) (n..i)J 
Substituting I - P for? 
	
U 	U 
{2(i_P 	+ I + (i-P 	) + (n.'2,  j 
j 	a.1g[2u.2P(2).1.1.P.P 	+12-12P 




 -P 	-o U 	r-i) 	(2) 	(n-3) 
16 	- (Xb"11 !(n-2) - 12 P(..1) Ln-2j - 2 1'(n-2) - 	• 0 Pt P sn-i) 	(m..2) P(3) 
	P(2)# (n.'.3) 
Putting 	1' 	- 	, ........ etc. -y 
then 16 	ir2 - 	- i • o. 
Puttix y - 0 - x) 
thm 16(1-z)3 .12(1-x)2 -2(1..x)-1aO, 
and cmos x is s11, X3  is vez 	a11. 
Therefore I - 2 + 36x2 • 0, 
Solving this gives us x. .ppro. O.Cs%, which agrees 
very well with the results obtained bF appiying equation (4) 
to every generation (Table 27)9 
&othex'-ak tar aatirga. 
Percentage decrease of hetoro rgosis. 
.timates of heritabiliy were nada from progwW tests 
at the 1.t, 3rd, 5th and 7th generations. 
Generation 	I I °° decrease of I beterojVgosis 000ffioiet of inbreedirg  
0 0.5000 100.00 0000 0.00 
1 0,3750 75.00 25.00 25.00 
2 0.3125 62.50 16.67 37.50 
3 0.2500 50.00 20900 50900 
4 0.2031 40.62 18.75 59.38 
5 o.i6i,.i 32.82 19.23 67.19 
6 0.1328 26.56 19.05 73.44 
7 0.1074 21.48 19.12 78,52 
TANX 25. 
lisif-brother sister matings. 
Percentage decrease of heteroygosie. 
Estimates of heritability 	 from progaw tests 







005000 	100000 0.00 0000 
I 094.375 87.50 12,50 12.50 
2 0.3750 75.00 14.29 25.00 
3 0.3281 65.63 12,50 34,37 
4. 092851 57,03 13.10 42.97 
5 02480 49.61 13.01 50.39 
6 0.2158 43.16 12.99 56.84. 
7 00877 37.55 13.01 62.4.5 
8 00633 32.66 13.00 67.94. 
9 0.1421 28.42 13.00 71.58 
10 0.1236 24.72 13900 75.28 
11 091075 21.51 13.00 78.49 
12 0.0936 18.71 13.00 81.29 
26. 
Double firit aouain iatings. 
Peroentage deoxeaae of heterozr 1ygoeia. 
Estimates of herit.bility were aMe fruin progerW teats 
at the 4th, 8th, 13th, 16th and 18th generations. 
Generation P Pz200 I 
0 0.50010 100900 0100 	 0900 
1 0.4375 87.50 12.50 12.50 
2 0.4063 81.25 7.14 	 18.75 
3 0.3750 75.00 7.69 25.00 
4 0.31,38 68675 8.33 	 31.25 
5 0.3161, 63.28 7.95 36.72 
6 0.2910 58.20 8.02 	 4.1.80 
7 0.2676 53.52 8.05 4.6.48 
8 0.2461 49922 8.03 	 50.78 
9 0.2263 4.5.26 8.014. 54,74 
10 0.2081 4.1.63 8.04 	 58.37 
11 0.1914 38.28 8.01,. 61.72 
12 0.1760 35.21 8.014 	 64,79 
13 0.1619 32.38 8.014 67.62 
14 0.1489 29.77 8.014. 	 70.23 
15 0.1369 27.38 8.04. 72.62 
16 001259 25.18 8.04. 	 74.82 
17 0.1158 23.16 8.04 76.84. 
18 0.1065 21930 8.04 	 78.70 
TARLR 27. 
flelf-4ouble first cousin matings. 
Percentage decrease of heterorgo ala. 
Kstites of heritability were made frcin progerT tests 
at the 6th4 10th and 14th generations. 
Generation I 1-P P - 
; decrease of coefficiant 
0 	 0 0050(X) 0000 000 
1 0 0.5000 0.00 0.00 
2 	 0.0625 0.4688 6.25 6.25 
3 0.1094. 0.44.53 5.00 10.94 
4 	0.1523 0.4238 4.82 15.23 
5 0,1943 0.4028 4.95 19.4.3 
6 	0,234.1 0.3829 4.94. 24.41 
7 0.2719 0.3640 4.93 27.19 
8 	0.3078 0.34.61 4,93 30.78 
9 0.3420 0.3290 4.94 34.20 
10 	0,374.5 0.3128 4.94. 37045 
11 0.4054. 0.2973 4.94. 40.54. 
12 	0.4.34.7 092827 4.94 4.3.4.7 
13 0.4.626 0,2687 4094 46.26 
14 	004891 0.2554. 4.94 49091 
15 I 0.5143 0.24.28 4.94. 51.43 
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A P P E N I) I X. 
Accu.racy of Etimatea 
1, Measurement, 
The average size of the Nettlebed unselected stock, 
raised at 25°  C. is as follows (unita of 1/100 an): 
Wing Length Thorax Length 
Males 	 179,9 	 89,0 
Females 208,4 103,4 
Flies were measured with a micrometer eye—piece, to the 
nearest unit on a scale such that one unit measures 0,0141 an., and 
after the calculations had been made in the units of measurement 
they were converted to the scale of 1/100 mm. Errors of grouping 
were OmIl compared with the range of eisa within a single culture, 
and corrections for grouping were not made, Two other sources 
of error are errors in actual measurement and errors due to 
a9ymnetry of the wings, since only one wing was measured on each 
fly. This was the wing which happened to be uppermost at the 
time of measurement, and was sometimes the left and sometimes the 
right wing. Errors of measurement are unlikely to be important, 
since the ends of the dimensions measured are fairly well defined, 
and 5Rl1 tests in which both wings Were measured suggested that 
the two wings rarely differ by more than a unit of measurement in 
length. This is supported by a more extensive teat on highly 
inbred lines (Reeve and Robertson, in the press) in which errors 
of measurement and asymmetry of the wings were found to account for 
only 3 and 13%, respectively of the variance (within cultures) of thee. 
-ii-. 
lines, Inbreeding has been found to reduce the variance by 
about O%,  so that about half these percentages of the variance 
of an unselected stock would be attriiitable to the two sources 
of error. Their effects can therefore be ignored in our iinalyais, 
Standard errors of means. 
Standard errors of means cannot be estimated directly from 
the variances within cultures, since there are generally 
significant differences between cultnres put up together. The 
standard errors of Table 2 are based on the variance of the 
culture means for each character over the six generations of 
selection (excluding the fifth) after elilli-nAting differences 
between lines, between generations, and between days of culture 
within generations. The resulting variances are based only 
on 14 degrees of freedom, but they agree reasonably weli with 
the roøults of experiments carried out by Reeve and Robertson 
(unpublished), In obtaining these variances the culture 
means of the two sexes were first averaged. The standard errors 
for each sex would probably be not such larger than the figures 
for the sexes combined, since the means of the two sexes from 
the same tube are correlated. 
Accuracy of heritability estimatee. 
It is not possible to give a standard error to estimates 
of heritability based on selection experiments, and they are 
likely to be rather inaccurate, because of the difficulty of 
measuring accurately the change in size from ganeratiM to 
-iii- 
generation, This is due to the difficulty of maintaining 
controls which respond in the seine way as the experimental 
lines to environmental changes from one generation to the next. 
This may often lead to negative estimates of heritability, as 
in Table 3 0 when the actual herita1.litY is low. 
Standard errors can be fitted to estimates based on the 
regression coefficients in progeny tests, but formulae do not 
appear to be avalinbie for calculating standard errèrs of 
estimates baøed on the gib correlations of these tet, 
r 
